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EXECUTIVE  SUMMARY 


SUMMARY 


This  trade-off  analysis  (TOA)  and  trade-off  deter- 
mination (TOD)  was  used  to  analyze  and  rank  various  system- 
level  and  contract  end  item  (CEI)  relationships  to  fulfill  the 
commandability  requirements  stated  in  the  REMBASS  (Revised) 
Materiel  Need  (MN) . 

At  the  system  level,  six  alternative  configurations 
were  examined.  Technical,  operational,  tactical  and  manage- 
ment-level criteria  was  used  as  the  means  for  determining 
measures  of  effectiveness  (MOE)  and  included  total  system  im- 
pact and  the  ability  to  support  commandability  in  the  field. 
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Employing  Type  I REMBASS  system  and  hardware  con- 
figurations as  well  as  REMBASS  in-band  data  transmission  sub- 
system (DTS) , the  first-ranked  alternative  involves  the  fol- 
lowing major  elements: 

• Repeaters  employing  a second,  pre-programmed  rf 
channel,  which  (upon  receipt  of  the  command  message  "header" 
switches  from  its  normal  (i.e.,  sensor  message  channel)  to  the 
second  --or  command  message  channel.  Upon  completion  of  the 
command  message  transaction,  the  repeater  automatically  re- 
verts back  to  the  normal  channel. 
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• The  addition  of  receiver,  frequency  determining 
elements,  decoder,  transmit/receive  switches  to  commandable 
sensors,  and  modifications  to  that  sensor  to  cause  it  to 
respond  to  pre-determined  commands. 

CONCLUSION 


That  commandability  represents  an  area  of  Iotv  techni- 
cal risk  and  can  be  incorporated  into  Engineering  Development 
(ED)  REMBASS  sensors  and  system.  That  its  inclusion  into  the 
seismic/analog  and  imaging  devices  will  materially  enhance 
both  performance  of  these  sensors  and  extend  system  life  and 
capabilities.  That  inclusion  of  commandability  into  all  other 
sensors  will,  to  a lesser  degree,  also  enhance  ED  system  per- 
formance and  capability. 


Commandability  will  add  cost  and  some  degree  of  com- 
plexity both  to  the  system  and  the  individual  items  of  equip- 
ment. However,  much  of  the  system  complexity  could  be  eased 
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through  station-keeping  and  watch-keeping  functions  in  devices 
such  as  a Sensor  Processing  Unit  (SPU)  or  through  subsequent 
modifications  to  the  micro-processor  controlled  Sensor  Monitor- 
ing Set  (SMS) . 

RECOMMENDATION 

That  ED  REMBASS  program  objectives,  procurement 
strategy,  milestones,  schedules  and  budget  be  critically  eval- 
uated to  ascertain  the  most  effective  means  and  optimum  time 
for  incorporating  command  functions  into  (either)  present  or 
future  system  procurements. 


I.  INTRODUCTION 


1.1 


OBJECTIVE 


The  requirement  for  a command  capability  in  the 
Remotely  Monitored  Battlefield  Sensor  System  (REMBASS)  was 
included  in  the  initial  Department  of  the  Army  approved 
Materiel  Need  (MN)  for  REMBASS,  as  well  as  in  later  revisions 
of  the  approved  MN.  Commandability  is  not  included  in  the 
Basic  REMBASS.  The  objective  of  the  following  detailed  analy- 
sis is  to: 


Determine  the  impact  on  REMBASS  when  adding 
commandability;  i.e.,  performance,  cost, 
operations,  and  ILS. 

Delineate  the  capabilities  acquired  by  the 
system  with  the  addition  of  Commandability. 
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• Determine  the  optimum  method  for  including 
Commandability  within  REMBASS. 


1.2  BASIC  REMBASS  DESCRIPTION 

The  Basic  REMBASS  is  a tactical  intelligence  source 
system  intended  to  provide  military  Commanders  at  Division, 
Brigade  and  Battalion  echelons  with  early  warning,  surveillance 
and  target  acquisition  information,  regarding  hostile  activity 
in  areas  forward  of  the  Forward  Edge  of  Battle  Area  (FEBA) 
and  for  rear  area  protection  within  the  Division  Zone.  The 
system  has  the  ability  to  detect  and  classify  the  movement  of 
tracked  vehicles,  wheeled  vehicles,  and  personnel  by  use  of 
seismic,  acoustic,  magnetic,  infra-red  and  strain  wire  sensors 
in  likely  areas  of  enemy  action.  Information  collected  by  the 
sensors  is  processed,  arranged  in  message  format  and  trans- 
mitted to  the  Sensor  Monitoring  Set  or  the  Portable  Monitoring 
Set  either  directly  or  by  using  radio  repeiitcr(s) . Mcssage-s 
received  at  the  Sensor  Monitoring  Set  are  demodulated,  decoded, 
temporarily  displayed,  and  permanently  recorded.  Messages  re- 
ceived at  the  Portable  Monitoring  Set  provide  visual  display  of 
sensor  identification  and  associated  classifications.  A de- 
scription of  each  item  of  equipment  follows. 
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II.  SENSOR  DESCRIPTION 

2.1  GENERAL 

A family  of  seven  sensors  are  included  in  the 
Basic  REMBASS  requirement.  Each  of  the  sensors  are  described 
below. 

2.2  Detection  Only  Sensors 


The  following  sensors  detect  and  provide  other 
information  on  targets  which  move  through  the  sensor's  de- 


tection zone, 


2.2.1  Sensor,  Anti- Intrusion  DT-561(  ) GSQ  is  an  expend- 

able/recoverable hand  emplaced,  battery  powered,  magnetic 
detecting  sensor.  The  sensor  is  self-contained  and  communi- 
cates either  directly  or  through  radio  repeater(s).  The 
sensor  uses  a passive  magnetic  technique  to  detect  tracked 
vehicles,  wheeled  vehicles,  and  armed  personnel  targets.  The 
sensor  processes  the  response  and  provides  detection  informa- 


tion.  The  information  is  incorporated  within  a digital 
message  format  and  is  transmitted  to  a distant  Sensor  Moni- 
toring Set  of  Portable  Monitor  Set  using  the  internal  FM 
radio  transmitter. 

2.2.2  Sensor  Anti-Intrusion  DT-565  ( ) GSQ  is  an  expend- 
able recoverable  hand  emplaced,  battery  operated,  passive  infra- 
red (IR)  detecting  sensor.  The  sensor  is  self  contained  and 
communicates  with  the  Sensor  Monitoring  Set  or  Portable  Moni- 
tor Set,  either  directly  or  thorugh  radio  repeater(s) . The 
sensor  uses  the  invisible  frequency  spectrum  contiguous  to  the 
red  end  of  the  visible  spectrum  for  detecting  targets.  The  ] 

sensor  processes  the  response  and  provides  detection  informa-  j 

I tion.  The  information  is  incorporated  within  a digital  mes-  j 

I sage  format  and  is  transmitted  to  a distant  Sensor  Monitoring  | 

Set  or  Portable  Monitor  Set  using  the  internal  FM  radio  trans- 
mitter. It  detects  tracked  vehicles,  wheeled  vehicles,  and  ' 

personnel;  and  provides  information  on  which  to  base  a count 

' on  objects  moving  through  the  zone. 

[ : 

2.3  CLASSIFICATION  SENSORS 

These  sensors  are  designed  to  detect  and  classify 
single  tracked  vehicles,  wheeled  vehicles  and  groups  of  person- 
‘ nel.  The  number  of  activations  provides  information  regarding  I 

activity. 

li  * 

; 2.3.1  Sensor,  Anti-Intrusion  DT-562  ( ) GSQ  is  an  expend-  ; 

f able/recoverable  hand  emplaced  seismic/acoustic  battery  powered 

- > classifying  sensor.  The  sensor  is  self-contained  and  communi- 
cates either  directly  or  through  radio  repeater(s)  to  the  i 

Sensor  Monitoring  Set  and  Portable  Monitor  Set.  The  sensor 
extracts  specific  features  from  incoming  seismic  and  acoustical 
signals.  The  extracted  information  is  encoded  within  the  mes- 
sage format  and  transmitted  to  the  distant  Sensor  Monitoring 


Set  directly  or  through  a radio  repeater(s)  using  the  internal 
FM  radio  transmitter.  The  sensor  will  detect  targets;  classify 
tracked  vehicles,  wheeled  vehicles,  and  personnel;  and  provide 
information  on  which  to  base  vehicle  count. 

2.3.2  Sensor,  Anti-Intrusion  DT-567  ( )/GSQ  is  an  expend- 
able/non-recoverable , battery  operated,  air  emplaced  seismic 
classifying  sensor.  The  sensor  is  self-contained  and  communi- 
cates with  the  REMBASS  monitoring  sets  either  directly  or 
through  radio  repeaters  and  is  capable  of  being  dispensed  from 
a helicopter  dispenser  system,  a Practice  Multiple  Bomb  Rack 
(PMBR)  mounted  on  either  an  OV-1  Army  Aircraft  or  OV-10  Marine 
Corps  Aircraft,  and  high  performance  aircraft  dispenser  sys- 
tems. The  sensor  detects  seismic  disturbances  to  the  earth 
imparted  by  moving  personnel  and  vehicles.  It  then  classifies 
the  target  and  incorporates  the  information  within  the  digital 
message  format  and  transmits  it  directly  or  through  a radio 
repeater(s)  to  a distant  Sensor  Monitoring  Set  or  Portable 
Monitor  Set  using  the  internal  FM  radio  transmitter.  It 
classifies  tracked  vehicles,  wheeled  vehicles,  and  personnel. 


2.3.3  Sensor,  Anti - Intrusion  DT-570  ( )/GSQ  is  an  expend- 
able/non-recoverable , battery  operated,  artillery  emplaced 
seismic  classifying  sensor.  The  sensor  is  self-contained  and 
communicates  with  the  REMBASS  monitoring  sets  either  directly 
or  through  radio  repeater(s),  and  is  emplaced  using  155  mm 
artillery  projectiles.  The  sensor  detects  seismic  disturb- 
ances to  the  earth  imparted  by  moving  vehicles  and  personnel. 
It  classifies  the  target  and  incorporates  within  the  digital 
message  format  the  information  and  transmits  it  to  the  dis- 
tant Sensor  Monitoring  Set  or  Portable  Monitor  Set  using  the 
internal  FM  radio  transmitter.  It  is  capable  of  classifying 
tracked  vehicles,  wheeled  vehicles,  and  personnel. 


2.3.4  Sensor,  Anti-Intrusion  DT-575  ( )/GSQ  is  an  expend- 
able/recoverable, hand  emplaced,  strain  sensitive,  battery 
operated,  classifying  cable  sensor,  that  communicates  directly 
or  through  radio  repeater(s)  to  the  Sensor  Monitoring  Set  or 
Portable  Monitor  Set.  The  sensor  uses  a strain  sensitive 
cable  technique  to  detect  and  classify  targets.  The  informa- 
tion is  incorporated  into  the  message  format  and  is  trans-  ' 
mitted  either  directly  or  through  up  to  three  radio  repeaters, 
to  the  Sensor  Monitoring  Set  or  Portable  Monitoring  Set  using 
its  internal  FM  radio  transmitter. 

2.3.5  Sensor  Analog  DT-563  ( )/GSQ  is  an  expendable/re- 
coverable, hand  emplaced,  battery  powered,  analog  acoustic 
listening  sensor  which  is  seismically  triggered.  The  trigger- 
ing action  for  the  audio  takes  place  when  a seismic  signal  of 
a determined  strength  is  exceeded.  A delay  (10  seconds)  is 
included  from  the  time  of  seismic  detection  to  allow  the  in- 
truder to  move  into  acoustic  range,  reducing  battery  power 
requirements.  When  triggered,  the  sensor  transmits  a digital 
message  including  the  sensor  ID  and  the  analog  message  identi- 
fier followed  by  15  seconds  of  audio  information.  This  infor- 
mation is  transmitted  through  the  analog/digital  repeater(s) 
(RT  1175  ( )/GSQ)  to  the  Sensor  Monitor  Set. 

2.3.6  Imaging  Sensor.  The  Advanced  Development  (AD)  model 
(REMBASS  2)  of  the  Remote  Imaging  Confirming  Sensor  (RICS)  is 
a non-commandable , self  contained,  portable,  thermal  imaging 
system.  It  operates  in  the  3-5  micron  (infra-red)  region  of 
the  spectrum.  It  is  a compliment  to  the  Basic  REMBASS  which 
is  now  entering  Engineering  Development  (ED)  phase  of  produc- 
tion. RICS  is  used  to  detect  the  presence  of  intruders,  to 
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j confirm  the  nature  of  the  intrusion  and  to  permit  the  operator 

* to  classify  the  type  of  intrusion.  The  AD  model  of  the  RICS 

does  not  include  a REMBASS  data  transmission  system  (DTS)  inter- 
•’  face;  however,  it  does  employ  an  appropriately  formatted  digi- 

tal output  which  assures  that  follow-on  engineering  development 
models  can  achieve  REMBASS  DTS  compatibility  in  terms  of  band- 
width, channel  assignments,  modulation  and  baud  rates. 
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III.  RADIO  REPEATER  DESCRIPTION 

3.1  GENERAL 

The  three  radio  repeater  designs  of  Basic  REM- 
BASS  share  common  modules  --  synthesizer,  store  and  for- 
ward logic,  and  receiver.  Certain  functions  have  been 
added  to  the  RT-1175  ( ) GSQ  which  will  allow  it  to  pass 
analog  as  well  as  digital  information.  The  repeaters  re- 
ceive information  transmitted  by  sensors,  other  repeaters, 
or  both,  and  re-transmits  it  to  another  repeater.  Sensor 
Monitoring  Set,  or  a Portable  Monitor  Set.  Each  of  the 
three  repeaters  are  discussed  in  detail  below. 

3.2  Repeater,  Radio  RT-1175  ( ) /GSQ  is  an  expendable/ 
recoverable  hand  emplaced  digital/analog  repeater.  The 
repeater  is  capable  of  being  operated  by  an  internal  battery 
source  or  by  AC/DC.  It  is  emplaced  either  on  the  ground  or 
operated  from  an  aircraft  as  a self-contained  (internal 
battery)  repeater.  The  RT-1175  uses  modules  identical  to 
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the  RT-1200  and  the  RT-1201  except  that  two  program/synthe- 
sizer modules  are  used  to  allo\tf  simultaneous  operation  of 
the  receiver  and  transmitter.  A frequency  duplexer  is  in- 
cluded to  provide  the  receiver/transmitter  isolation  required 
to  allow  the  device  to  operate  as  specified  without  requiring 
more  than  11  MHZ  frequency  separation.  The  repeater  also  has 
the  capability  of  digital  data  (store  and  forward)  trans- 
mission. 

3.3  Repeater,  Radio  RT-1200  ( ) GSQ  is  an  expendable/ 
non-recoverable , air  dropped,  ground  implant  digital  single 
channel  repeater.  The  repeater  is  self-contained  using  a 
module  battery  and  programming  arrangement.  The  repeater  is 
designed  to  be  launched  from  medium  performance  aircraft  or 
helicopters.  The  repeater  acts  as  a digital  store  and  forward 
device,  re- transmitting  after  each  valid  parity,  a correct 
message,  after  the  message  has  been  received  in  its  entirety. 

The  unique  modules  that  make  up  the  RT  1200  are  the  store  and 
forward  Logic  Assembly,  Programmer/Synthesizer  Assembly, 

Diplexer  Assembly,  Receiver  Assembly,  and  the  Battery  Assembly. 

3.4  Repeater,  Radio  RT-1201  ( ) GSQ  is  an  expendable/ 
non-recoverable  air  dropped  digital  single  channel  repeater. 

The  repeater  is  self-contained,  using  a module  stock  battery 
and  programming  arrangement  identical  to  the  one  used  in  the 
RT-1200  repeater.  The  aft  sec.  on  of  the  assembly  is  modified 
to  include  a 2 stage  parachute  deployment  system.  The  re- 
peater is  designed  to  be  launched  from  medium  performance  and 
rotary  wing  aircraft.  The  repeater  acts  as  a digital  store 
and  forward  device,  re-transmitting  after  each  valid  parity, 

a correct  message,  after  the  message  has  been  received  in  total. 
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IV.  RECEIVING  AND  MONITORING  EQUIPMENT 

4.1  GENERAL 

The  Receiving  and  Monitoring  Equipment  listed  below 
receive,  decode  and  provide  analog  monitoring,  temporary 
visual  digital  display  and  permanent  hard  copy  print-outs 
of  analog  and  digital  sensor  outputs.  Each  of  the  components 
are  discussed  below. 

4.2  Antenna  Group  OE-259  ( )/GSQ  187  consists  of  an 
omni-directional  antenna,  solid  state  wide  band  pre-ampli- 
fier and  an  antenna  coupler.  The  antenna  incorporates  two 
dipole  antennas  in  a collinear  manner.  All  dipole  elements 
operate  over  the  required  frequency  range  without  retuning. 
The  antenna  and  pre-amplifier  can  be  positioned  away  from 
the  antenna  coupler  a maximum  of  200  feet.  The  antenna 
coupler's  single  RF  input  is  divided  into  four  isolated  out- 

'?  puts  providing  the  capability  of  connecting  four  Sensor 


4-1 


i 

t 

I 


I 

F 


i 


Monitoring  Sets  from  one  Antenna  Group,  OE-239.  The  addition 
of  Commandability  to  the  system  will  have  no  effect  on  the 
Antenna  Group. 

4.3  Sensor  Monitoring  Set  AN/GSQ-187  ( ) is  a dual 

channel  receiver  only  monitoring  unit.  The  Sensor  Monitoring 
Set  (SMS)  has  the  capability  of  monitoring  two  independent 
RF  channels  simultaneously.  The  SMS  has  the  capability  of 
decoding  and  displaying,  data  in  two  forms;  the  (temporary) 
visual  display,  and  the  (permanent)  hard  copy  printout.  The 
SMS  also  provides  the  capability  to  monitor  analog  sensor 
information  using  a head  set  connected  to  the  head  set  con- 
nector on  the  SMS  control  panel.  The  SMS  is  field  operable 
with  internal  12V  DC  Battery  or  by  using  an  external  AC/DC 
power  source.  A total  of  four  SMS's  may  be  connected  simul- 
taneously to  one  OE-239  Antenna  Group,  monitoring  up  to  eight 
individual  RF  channels. 


4.4  Portable  Monitor  Set  R-2016  ( )/GSQ  is  a portable, 

hand  held  single  channel,  battery  operated  receiver  and  dis- 
play, which  receives,  decodes  and  displays  sensor  activation 
information.  The  Portable  Monitoring  Set  provides  a visual 
display  of  sensor  individual  Identification  (ID)  Code  and 
associated  classifications.  It  has  the  capability  to  simul- 

' taneously  display  any  10  of  64  possible  sensor  ID's. 
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V.  COMMAND  EVALUATION 


5 . 1 GENERAL 

Commandability  will  add  a new  dimension  to  the  con- 
ventional methods  of  deployment  and  utilization  of  unattended 
ground  sensor  systems.  It  will  provide  the  commander  with 
increased  scope  of  capability  permitting  the  more  effective 
use  of  REMBASS.  For  example,  commandability  can  provide  the 
commander  with  the  following  additional  operational  capabilities: 

• Stay-behind  or  dormant  sensor  arrays. 

• On-line  (real  time)  or  "batch  processing" 

(i.e.,  near-real  time)  data  collection  and 
data  batch  processing  through  a sensor 
processing  unit  (SPU). 

• The  potential  ability  to  remotely  re-program 
the  internal  logic  of  a previously  emplaced 
sensor  to  meet  new  threat  situations. 
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• The  ability  to  conserve  rf  spectrum,  system 
battery  life,  etc.,  through  the  execution  of 
diurnally-oriented  on/off  commands. 

• Dynamic  interaction  with  other  service  such 
as  the  Marine  Corps  Forward  Pass  concept. 

• The  ability  to  reduce  emi/rfi  by  disabling 
"talkers." 

• The  potential  to  meet  new  (presently  unspeci- 

fied) requirements  for  REMBASS  in  such  areas 
as:  (1)  rear  area  protection,  (2)  border  con- 

trol and  surveillance,  (3)  direct  support  of 
other  Army  combat  arms,  and  (4)  enhanced  target 
acquisition  capabilities. 


5.1.1  Objectives  and  Alternatives 

The  REMBASS  Materiel  Need  (MN)  specifies  command- 
ability  as  a requisite  element  of  the  Type  I System.  Re- 
visions to  the  MN  also  identify  two  candidate  sensors  (DT- 
563  Seismic/Analog  Confirming  Sensor,  and  the  RICS  (Remote 
Imaging  Confirming  Sensor))  as  specific  items  which  will  be 
capable  of  responding  to  remotely  originated  command  messages. 


In  addition,  expanded  operational  roles  for  the  REMB.^^SS 
vamily  of  ground  sensors  (e.g.,  stay-behind  deployment,  border 
protection,  etc.)  are,  by  inference,  further  expanding  the  re- 
quirement for  system-level  commandabil ity  to  include  virtually 
the  full  compliment  of  hand-emplaced  detection  and  classifying 
sensors  as  well  as  the  full  compliment  of  repeaters  (hand,  ballis- 
tic, and  hang-up).  The  focus  of  this  TOA/TOD  is  not  the  analysis 
of  whether  or  not  to  incorporate  commandability , but  rather  to 
assess  the  following: 
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• Alternative  means  for  accomplishing  the  REMBASS 
system's  data  transmission  subsystem  (DTS) , sup- 
porting hardware  and  ancillary  items  to  most 
effectively  accomplish  functional  commandability . 

• To  identify  those  electronic  commands  which  can 
be  associated  with  the  seismic/analog  sensor 
DT-563. 

• To  identify  those  electronic  and  electro-mechani- 
cal commands  which  can  be  associated  with  the 
Remote  Imaging  Confirming  Sensor  (RICS) . 

• To  identify  those  commands  v\:hich  will  serve 
Type  I REMBASS  detection  and/or  classification 
sensors. 

• To  identify  possible  candidate  command  concepts 
which  will  serve  Type  II  (Advanced  Development) 
hardware  and  systems  concepts. 

• To  advance  candidate  methodologies  illustrating 
how  commandability  may  be  accomplished  at  or  in 
various  REMBASS  equipment  end  items  and  how 
these  approaches  will  integrate  into  the  system 
as  a whole. 

• To  identify  how  individual  end  items  may  require 
modification  or  alteration  to  achieve  commanda- 
bility. 
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5.2  COMMAND  FUNCTIONS 

This  section  outlines  three  broad  areas  in  which 
command  functions  are  now  presently  applicable.  Appropriate 
tables  in  each  subsection  provide  lists  of  potential  commands, 
a brief  explanation  of  the  "meaning"  of  the  command  and  some 
of  the  technical,  tactical  or  operational  concepts  associated 
with  the  specific  command  function.  The  three  areas  covered 
include:  (1)  those  commands  associated  with  the  DT-563  seismic/ 
analog  sensor,  (2)  the  Remote  Imaging  Confirming  Sensor  in- 
cluding electronic  and  electro-mechanical  commands,  and  (3) 
with  all  general  detection  and/or  classification  sensors 
presently  incorporated  into  Type  I REMBASS. 
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DT-S65  Seismic/Analog  Sensor 


Table  5.2-1  provides  a "menu”  o£  possible  commands 
to  be  used  in  conjunction  with  this  sensor  and  assesses  the 
operational,  tactical  and  logistics  associated  therewith. 
Table  5.2-2  presents  raw  (unpublished)  data  relating  to  the 
ability  of  both  "trained"  and  "untrained"  personnel  to  dis- 
tinguish (i.e.,  correctly  classify)  target  vehicles  as  a 
function  of  time  and  percentage  of  correct  classifications 
achieved. 


5.2.2  Proposed  DT-563  Analog  Duty  Cycle 

Appendix  E provides  a technical  memorandum  dealing 
with  assessment  and  recommendations  relating  to  the  analog 
duty  cycle  of  this  device,  along  with  specific  suggestions 
for  enhancing  the  sensor's  False  Alarm  Rate  (FAR)  through  the 
use  of  VFP  (variance  frequency  processor)  type  of  internal 
logic  associated  with  the  sensor's  seismic  transducer. 


5.2.3  Remote  Imaging  Confirming  Sensor 

There  are  two  "sets"  of  commands  which  are  asso- 
ciated with  this  device;  the  first  "set"  involves  electronic- 
only  commands;  the  second  "set"  involves  electro-mechanical 
commands,  i.e.,  those  associated  with  "pan,"  "tilt,"  "zoom," 
etc.  type  of  mechanisms  and/or  servo  motors  (Table  5-2-3). 
Initial  assessment  of  the  present  AD  RIGS  prototype  design  in 
volves  the  following  factors: 

a.  Command  functions  are  known  to  be  required  but 
are  incorporated  into  the  design  on  a "hard  wire"  basis  only. 
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TABLE  5.2-1.  ACOUSTIC  COMMANDS  (Cont'd) 
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TABLE  S.2-2.  PERFORMANCE  AS  A FUNCTION  OF  TARGET  AND  TIMES 
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Correct  Classification 
B/Tng  - Before  training 
A/Tng  - After  training 


b.  Command  functions  will  be  required  utilizing 
the  Type  .1  REMBASS  data  transmission  subsystem  (DTS)  to  re- 
place the  test  and  lab-level  "hard  wire"  mode  of  operation. 

c.  Electronic  commands  involve  relatively  low 
technical  risk,  some  cost,  and  potential  re-evaluation  of  the 
unit's  power  budget. 


d.  Electro-mechanical  commands  will  involve  some- 
what more  complex  analysis  in  that  they  may  require  the  addi- 
tion of  feedback  loops  to  assist  operator  orientation,  and 
that  they  will  add  additional  cost,  weight  and  consume  addi- 
tional power. 


5.2.4 


Command  Potential  For  All  Sensors 


Table  5.2-4  provides  a list  of  (possible)  commands 
for  use  with  conventional  REMBASS  Type  I air,  ballist ically , 
or  hand  emplaced  sensors  and  repeaters. 


The  construction  of  the  "menu"  recognized  that  in 
some  instances  command  complexity  would  entail  very  extensive 
modifications  to  the  sensor's  internal  electronics  in  order  to 
make  the  device  fully  responsive  to  the  command  message. 
Possible  complexity  did  not,  however,  inhibit  the  construction 
of  the  table. 
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TABLE  5.2-3(a).  IMAGING  SENSORS  CELECTRONIC  COMMANDS)  (Cont'd) 
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NON  REAL  TIME/  1.  In  NRT,  sensor  could:  1.  Requires  additional  on- 

REAL  TIME  a.  Count  only  board  logic,  however,  time- 

b.  Count  ^ Classify  tagging,  in  relative  time 

c.  Time  Tag  (+  a or  b)  would  be  able  to  employ 

2.  In  RT,  sensor  performs  normally.  life  clock. 
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MEASURES  OF  EFFECTIVENESS 


Two  sets  of  tables  are  provided  in  which  a sub- 
jective ranking  of  the  desirability  of  certain  command 
features  was  made  based  on  current  Type  I sensors  speci- 
fically. The  areas  thus  explored  included  the  DT-563 
Seismic/Analog  device  as  a unique,  specific  entity  and  all 
other  classifiers  and  detectors  as  another  entity. 

The  "utility  value"  of  the  commands  employed  were 
rated  over  the  following  scale: 


• Highly  Desirable  = 4 

• Of  Medium  Desirability  ^ =3 

• Low  Level  of  Desirability  = 2 

• Very  Low  Level  of  Utility  = 1 

• No  Utility  Foreseen  = 0 


Negative  values  were  not  employed. 

5.3.1  DT-563  Sensor  Measure  of  Effectiveness 

Table  5.3-1  presents  a ranking  of  the  desirability 
or  effectiveness  foreseen  for  use  with  a series  of  commands 
associated  with  the  DT-563  S^'ismic/Analog  sensor  specifically. 

Because  of  the  long  on-air  time  (15  seconds) , and  a 
potentially  high  duty  cycle®  of  this  device,  the  following 
commands  attained  the  highest  rank  in  order  of  preference: 


• ON/OFF 

• DIGITAL  ONLY  (Analog  suppressed) 

• VARIABLE  TIME-OUT-TIMER  (2-15  second  bursts). 


TABLE  5,3-1.  CONWAND  FUNCTION  VS.  OPERATIONAL  EFFECTIVENESS  (nr-563) 


•i  • 


■ 


5.3.2  Other  Type  I Sensors 

Table  5.3-2  rates  of  Type  I REMBASS  sensors  against 
device  or  system  performance  xvhich  is  forecast  for  the  REMBASS 
system  deployed  in  a typical  array  of  sensors  and/or  repeaters 
The  base  line  involved  the  current  RBS-series  of  procurement 
specifications,  and  understanding  of  the  contractor's  approach 
via  the  PDR  and  FDR  reviews. 

The  ranking,  in  order  of  preference,  of  the  three 
most  desirable  commands  were  as  follows: 

• ON/OFF 

• CHANGE  (10")  INHIBIT  TIME 

• COMMAND  ACKNOWLEDGEMENT  (or  VERIFY  INTEGRITY) 

5.4  ADVANCED  REMBASS  COMMANDABILITY 

There  are  two  features  applicable  to  commandabili ty 
and  state-of-the-art  manufacturing  technology  which  possibly 
could  impact  on  Advanced  Development  commandabil ity . These 
are : 

• Reprogrammable  internal  sensor  microprocessor 
algorithms  and  operating  routines. 

• Non-real  time,  or  time-tagging  and  storage 
of  data  pending  command. 

5.4.1  Reprogrammable  Microprocessors 

A desire  to  remotely  reprogram  a sensor's  micro- 
processor logic,  algorithm  or  operating  routines  could  prove 
advantageous  in  conflict  situations  which  involve;  (1)  a new 
target  threat,  (2)  MOBA  or  concentrated  operations  in  built-up 
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areas,  and  (3)  the  capability  of  expanding  a sensor's  inherent 
capability  enabling  it  to  meet  specific  requirements  of  other 
services  or  combat  arms.  Using  the  common  module  approach 
developed  in  SEAOPSS  Phase  III  hard\s'are  and  carried  onward  in 
Type  I REMBASS  "building  block"  approaches,  it  is  not  incon- 
ceivable that  the  basic  shell  of  the  sensor(s)  would  also 
serve  FAALS  missions,  RAWS  missions  and  the  like. 

5. 4. 1.1  Potential  Applications.  Conceptually,  high-intensity 
combat  situations  in  industrialized  or  well  developed  urban- 
ized areas  could,  for  example,  derive  benefit  from  a sensor 
which  could  be  emplaced  to  meet  (to  name  but  two)  situations 
which  exist  in  this  combat  environment. 

The  first  involves  RAP  (rear  area  protection)  in 
which  the  sensor  would  typically  be  required  to  perform  in 
areas  of  high  cultural  noise  --  but  noise  which  has  repeti- 
tive and  distinct  signatures  so  that  these  could  be  programmed 
out  of  the  sensor  thus  lowering  the  nuisance/false  alarm  rate 
associated  with  the  environments  around  air  fields,  ports, 
rail  yards,  etc.,  with  their  known  high  ambient  levels. 

A second  potential  application  involves  the  use  of 
sensors  in  direct  support  of  combat  operations  inside  of  cities, 
large  industrial  areas  (albeit  defunct)  where  reprogramming 
could,  for  example,  permit  a basic-building-block  FAALS  type 
of  sensor  to  report  on  one  specific  type  of  muzzle  blast, 
ignoring  all  others.  Or,  remotely  "training"  the  sensor  to 
work  in  a high  embient  noise  environment  complete  with  multi- 
path  propagation  so  that  it  could  be  adapted  to  meet  the  local 
terrain  and  noise,  or  trained  to  identify  new  targets  for 
which  no  data  base  signature  file  exists. 


5.4.2 


Stay  Behind  and  Dormant  Sensors 


The  fluid  conflict  situation  can  require  a need  for 
stay  behind  sensors;  ones  which  will  continue  to  function  and 
time-tag  data  but  which  will  only  transmit  upon  receipt  of 
valid  execution  commands  to  and  from  (for  example)  an  RPV  or 
other  suitable  platform. 

Such  dormancy  could  be  accomplished  by  a simple  com- 
mand, or  by  a combination  of  command  and  emplacement  settings. 
For  example,  the  sensor's  rf  output  power  could  be  reduced 
from  a nominal  2 watts  to  250-milliwatts  thus  conserving 
battery  power  and  reducing  the  chances  for  intercept  or  cap- 
ture by  the  enemy.  In  the  very  low  power  mode,  the  sensor 
would  broadcast  to  and  receive  commands  from  a "mother  board" 
device  which  would  provide  the  reference  clock  and  the  bulk 
storage  required. 

The  "mother/daughter"  arrangement  can  respond  to  a 
variety  of  commands  with  the  "mother"  serving  as  an  inter- 
mediate storage  repeater  (either  single  channel,  or  multi- 
channel to  serve  RICS,  RAWS,  etc.),  or  perhaps  tying  both 
REMBASS  sensors  and  smart  mines  together  in  a weapons-system 
arrangement . 


• Alternative  1.  Commandabil ity  u-ill  be  accomp- 


lished employing  unmodified  repeaters  to  permit  the  REMBASS 
DTS  to  function  in  a bi-directional  mode.  This  arrangement 
is  illustrated  in  Figure  6-l(a)  and  6-l(b). 

• Alternative  2.  Commandability  is  accomplished 
using  dual,  independent,  stand-alone  repeaters  to  achieve 
bi-directional  communications.  One  set  of  repeaters  supports 
sensor  messages;  the  second  set  supports  command  messages. 
System  diagrams  for  this  alternative  are  shown  in  Figure  6-2 (a) 
and  6-2 (b) . 

• Alternative  3.  Commandability  is  accomplished 
using  dual  repeaters  mounted  in  a single  package  and  on  a 
single  mounting  chassis.  Common  antenna  elements  are  used. 

SIRS  (Sensor  Inband  Relay  System)  and  Interference  Control 


6-1 


w 


System  (ICS)  circuitry  is  required  to  permit  optimum  techni- 
cal performance  to  be  achieved.  System  arrangements  of  this 
alternative  are  provided  in  Figures  6-3(a),  6-3(b)  , 6-3(c) 
and  6-3(d) . 

• Alternative  4.  Commandability  is  accomplished 
by  employing  a two-channel  pre-programmed  repeater  radio 
transmitter;  one  which  si^ritches  momentarily  to  the  pre-set 
"command  frequency"  upon  recognition  of  the  second  data 
field  binary  code  within  the  BISS/REMBASS  message.  It  reverts 
to  the  (normal)  rf  channel  upon  completion  of  the  command 
function.  In  this  Alternative,  two  receivers  are  used;  one 
for  command  frequencies,  the  other  for  sensor  frequencies. 

The  system  arrangement  covered  by  this  alternative  is  shown 
in  5-4(a)  and  5-4(b). 


• Alternative  5.  Commandability  is  accomplished 
by  employing  a two-channel,  pre-programmed  repeater  radio 
transmitter  and  a single  receiver  whose  operating  frequency 
is  common  to  both  the  sensor  data  link  and  the  command  data 
link.  This  arrangement  is  illustrated  in  Figure  5-5(a)  and 
5-5(b) . 

• Alternative  6.  Commandability  is  accomplished 
by  achieving  direct  line  of  sight  (LOS)  rf  links  to  the  sen- 
sors. Repeaters  are  not  employed.  Various  methodologies 
may  be  employed  to  attain  LOS  rf  paths.  These  could  include: 
(a)  fixed  and/or  rotary  wing  aircraft,  (b)  remotely  piloted 
vehicles  (RPV) , (c)  balloon  supported  transmitter/antenna , 
and  (d)  other  mechanical  means  for  achieving  required  antenna 
height  and  gains. 


6.2  ALTERNATIVE  COMMON  CHANGES 

The  common  changes/features  required  by  each  of 
these  alternatives  consist  of  the  following: 

• All  sensors  require  the  addition  of  receivers, 
frequency  determining  elements,  demodulators  and  decoders, 
modifications  to  existing  sensor  internal  logic  to  effectuate 
commands,  and  T/R  (transmit/receive)  antenna  relay  functions. 

• All  command  data  transmission  subsystems  (C/DTS) 
functions  are  on  an  "in  band"  basis.  Unlike  SEAOPSS,  no 
"out-of-band"  command  data  links  are  employed. 

• The  RICS  sensor  will-  require  both  electronic  and 
electromechanical  command  functions. 

• The  formats,  content,  and  data  fields  defined  in 
the  BISS/REMBASS  interoperability  agreement  will  be  adhered 
to  as  will  agreements  concerning  antenna  polarization,  band 
rates,  etc. 

• A command  transmitter  is  required. 

6.3  OPERATIONAL  DESCRIPTION  OF  ALTERNATIVES 


6.3.1 


Alternative  1 


System  diagrams  for  this  alternative  are  shown  in 
both  a single  repeater  configuration  (Figure  6-lA)  and  a 
three  repeater  configuration  (Figure  6-lB).  The  following 
operational  description  focuses  on  the  three  repeater  system, 
however,  the  single  repeater  configuration  is  operationally 
the  same  from  RR-3  back  to  the  SMS. 
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ALTERNATIVE  1 


FIGURE  6-lA 


The  basic  3 repeater  system  diagram  shows  both 
the  data  flow  for  the  sensor  data  link  and  the  command 
link,  as  well  as  a possible  frequency  allocation  plan. 
Following  a typical  data  flow  pattern.  Sensor  Field  #1 
transmits  data  to  RR-1  on  frequency  FI.  RR-1  retransmits 
data  to  RR-2  on  F2  (Sensor  Field  #2  also  transmits  to  RR-2 
on  F2) . RR-2  retransmits  data  to  RR-3  on  FI  (Sensor  Field  #3 
also  transmits  to  RR-3  on  FI).  RR-3  transmits  to  the  SMS  on 
F2.  The  command  data  is  transmitted  from  the  Command  Trans- 
mitter to  RR-3  of  FI.  RR-3  retransmits  the  command  data  to 
RR-2  and  Sensor  Feld  #3  on  F2.  RR-2  retransmits  the  command 
data  to  RR-2  and  Sensor  Field  #2  on  FI.  RR-1  retransmits  the 
command  data  to  Sensor  Field  #1  on  F2. 


6.3.2  Alternative  2 

System  diagrams  for  this  alternative  are  shown 
in  a single  repeater  configuration  (Figure  6-2A)  and  in  a 
three  repeater  configuration  (Figure  6-2B).  For  the  pur- 
pose of  discussion  only  the  three  repeater  system  will  be 
discussed  in  detail,  however,  the  single  repeater  configura- 
tion will  be  operationally  the  same  form  RR-3  back  to  the 
SMS. 


The  three  repeater  system  diagram  shows  both  the 
data  flow  for  the  sensor  data  and  command  link,  utlizing  6 
repeaters,  as  well  as  a possible  frequency  assignment  plan. 

The  sensor  data  is  transmitted  form  Sensor  Field  #1  to  RR-l(l) 
on  frequency  FI.  RR-l(l)  retransmits  data  to  RR-2(1)  on  F2 
(Sensor  Field  #2  also  transmits  to  RR-2(1)  on  F2) . RR-2(1) 

retransmits  data  to  RR-3(1)  on  F3  (Sensor  Field  #3  also 
transmits  to  RR-3(1)  on  F3) . RR-3(1)  retransmits  data  to 

the  SMS  on  F4.  The  command  data  is  transmitted  to  RR-3(2)  on 
F8.  RR-3(2)  retransmits  data  to  RR-2(2)  and  Sensor  Field  #3 


kk 
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I on  F5.  RR-2(2)  retransmits  data  to  RR1(2)  and  Sensor  Field  #2 

[ on  F6.  RR-1(2)  transmits  data  to  Sensor  Field  “1  on  F7. 

^ The  frequencies  utilized  in  Alternative  2 illustrate  how  spatial 

I ring  around  could  be  prevented  in  the  system.  The  allocation 

‘ of  each  leg  shows  frequency  planning  flexibility,  and  a typical 

number  of  frequencies  required  in  a system. 

6.3.3  Alternative  3 

System  diagrams  for  this  alternative  are  shown  in 
i both  a single  repeater  configuration  (Figure  6-3A)  and  a 

I three  repeater  configuration  (Figure  6-3B).  The  following 

operational  description  focuses  on  the  three  repeater  system, 
however,  the  single  repeater  configuration  is  operationally 
the  same  from  RR-3  back  to  the  SMS. 

I 

I 

The  three  repeater  system  diagram  shows  both  the 
' data  flow  for  the  sensor  data  link  and  the  command  link,  as 

well  as  a possible  frequncy  assignment  pain.  Sensor  infor- 
^ mation  is  transmitted  from  Sensor  Field  #1  to  RR-1  on 

frequency  F8.  RR-1  retransmits  data  to  RR-2  on  F2  (Sensor 
Field  #2  also  transmits  to  RR-2  on  F-2).  RR-2  retransmits 
data  to  RR-3  on  F3  (Sensor  Field  #3  also  transmits  to  RR-3 
on  F3) . RR-3  retransmits  data  to  SMS  on  F4.  The  command 
data  is  transmitted  to  RR-3  on  FI.  RR-3  retransmits  command 
! to  RR-2  and  Sensor  Field  #3  on  F5.  RR-2  retransmits  command 

to  RR-1  and  Sensor  Field  #2  on  F6,  RR-1  retransmits  command 
> to  Sensor  Field  #1  on  F7.  As  in  Alternative  2,  frequencies 

II  ‘ are  utilized  to  illustrate  a possible  frequency  assignment 

li  scheme.  The  Sensor  Inbank  Relay  System  (SIRS)  and  Interference 

f.  ■ 

I;  ^ Control  System  (ICS)  circuitry  required  to  permit  optimum 

technical  performance  of  the  system  is  depicted  in  Figures 
6-3C  and  6-3D. 
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Figure  6-  3 (d)  In  employing  two 
repeaters,  horizontal  and  vertical  antenna 
separation  (H^  § V^)  as  well  as  transmit  and 
receive  frequency  separations  are  important 
to  prevent  intermodulation  products  (IMP), 
desensitization,  and  spurious  interference. 
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6.3.4 


Alternative  4 


System  diagrams  for  this  alternative  are  shown  in 
Figures  6-4A  and  6-4B.  The  single  repeater  system  (Figure  6-4A) 
is  a simplified  diagram  of  the  system  while  the  three  repeater 
system  (Figure  6-4B)  is  more  complex  and  will  be  discussed 
fully  from  an  operational  aspect. 

The  three  repeater  system  diagram  shows  both  the 
data  flow  for  the  sensor  data  link,  and  the  command  link,  as 
well  as  a typical  frequency  assignment.  Sensor  information 
is  transmitted  from  Sensor  Field  #1  to  RR-1  on  frequency  FI. 

RR-1  retransmits  data  to  RR-2  on  F2  (Sensor  Field  #2  also 
transmits  to  RR-2  on  F2) . RR-2  retransmits  data  to  RR-3 
on  F3.  (Sensor  Field  #3  also  transmits  to  RR-3  on  F3) . RR-5 
retransmits  data  to  the  SMS  on  F4.  The  command  data  is  trans- 
mitted to  RR-3  on  frequency  F8.  Through  special  message 
coding  the  transmitter  selects  F5  (transmitter  has  capability 
of  transmitting  on  two  separate  frequencies)  and  transmits 
to  RR-2  on  F5.  RR-3  also  transmits  to  Sensor  Field  #3  on 
F5.  The  same  process  is  used  with  RR-2  transmitting  to  RR-1 
on  F6.  RR-2  also  transmits  to  Sensor  Field  #2  on  F6.  RR-1 
through  the  same  selection  process  transmits  to  Sensor  Field 
#1  on  F7. 

6.3.5  Alternative  5 

System  diagrams  for  this  alternative  are  shown  in 
a single  repeater  configuration  (Figure  6-5A)  and  a more 
complex  three  repeater  configuration  (Figure  6-5B)  which  will 
be  discussed  fully  from  an  operational  aspect. 
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FIGURE  6-4A 


The  three  repeater  system  configuration  depicts 
traffic  flow  through  a three  repeater  system  for  sensor  data 
and  command  data  using  repeaters  with  one  receiver  and  one 
transmitter.  The  transmitter  has  the  capability  of  selecting 
one  of  2 channels  (A  or  B)  through  special  coding  in  the 
message  format.  For  the  purpose  of  discussion  Channel  A repre- 
sents data  traffic  and  Channel  B represents  command  traffic. 
Sensor  data  information  is  transmitted  to  RR-1  from  Sensor 
Field  1 on  frequency  FI.  The  message  is  processed  and  is 
transmitted  on  Channel  A (F2)  to  RR-2.  Sensor  Field  2 also 
transmits  to  RR-2  on  F2.  The  message  is  processed  at  RR-2 
and  Channel  A (F3)  is  selected  to  retransmit  to  RR-3.  Sensor 
Field  3 also  transmits  to  RR-3  on  F3.  The  message  is  processed 
and  is  retransmitted  on  Channel  A (F4)  to  the  SMS.  The 
[ Command  Transmitter  (CT)  transmits  to  RR-3  on  F3.  The  mes- 

I sage  is  processed  and  through  coding  in  the  message  format 

1 selects  Channel  B (F2)  for  retransmitting  to  Sensor  Field  5 

and  RR-2.  The  command  message  is  received  at  RR-2  and  pro- 
cessed for  retransmission  on  Channel  B (FI)  to  RR-1  and 

Sensor  Field  2.  The  command  message  is  received  at  RR-1  and 

processed  for  retransmission  on  Channel  B (F5)  to  Sensor 
Field  1.  Each  of  the  repeaters  will  require  modification  for 
additional  logic  and  coding  for  changing  from  Channel  A to  B 
and  back. 
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Alternative  6 


Commandability  is  accomplished  in  this  alternative 
through  direct  communication  with  the  sensors.  The  repeaters 
in  the  Data  Transmission  System  are  not  used  for  Commandability 
Both,  a single  repeater  configuration  (Figure  6-6A)  and  a 
three  repeater  configuration  (Figure  6-6B)  are  used  as  illustra 
tions.  For  the  propose  of  this  discussion,  only  the  three 
repeater  configurations  will  be  discussed  operationally. 

The  three  repeater  configuration  shows  both  the  sen- 
sor data  dn  command  data  flow  for  the  system.  The  sensor  data 
from  Sensor  Field  #1  is  transmitted  to  RR-1  on  Frequency  FI, 
RR-1  retransmits  data  to  RR-2  on  F2.  (Sensor  Field  #2  also 
transmits  to  RR-2  of  F2.)  RR-2  retransmits  to  RR_3  on  F3 
(Sensor  Field  #3  also  transmits  to  RR-3  on  F3.)  RR-3  retrans- 
mits to  the  SMS  on  F4 . In  this  alternative  the  Command  Trans- 
mitter does  not  utilize  the  radio  repeater  but  transmits 
directly  to  the  sensor.  Using  this  type  of  arrangement  the 
Command  Transmitter  would  operate  line-of-site  with  sensors 
and  be  located  at  team  level  or  could  be  operated  from  an 
aircraft.  The  sensors  would  have  to  be  modified  as  in  other 
alternatives  and  a Command  Transmitter  developed.  All  other 
end  items  would  remain  unchanged. 


6.4 


SALIENT  FEATURES 


The  salient  features  of  each  alternative  method 
are  listed  by  alternative  in  general  terms  below: 

• Alternative  1. 

- System  uses  Basic  REMBASS  unmodified 
repeater . 

- Command  and  Sensor  Data  transmitted  over 
some  time  shared  frequency. 

- 1-2  rf  channel  required. 

- The  repeater  requirements  per  site  remains 
the  same  as  Basic  REMBASS, 

• Alternative  2. 

Uses  Basic  REMBASS  unmodified  repeaters. 

Separate  DTS  used  for  Command/Sensor  traffic. 

1-8  rf  channels  per  system  are  required. 

Repeater  requirements  for  each  site  are 
doubled . 

• Alternative  3. 

A major  modification  of  Basic  REMBASS  repeater 
is  required. 

Separate  DTS  used  for  Command/ Sensor  traffic. 

1-8  rf  channel (s)  per  system  is/are  required. 

Number  of  repeaters  per  site  remains  the 
same  as  Basic  REMBASS. 

Weight  of  the  repeater  increases  60-701  over 
Basic  REMBASS. 

- SIRS/ICS  concepts  must  be  integrated  into 
repeater  ED  models. 
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• Alternative  4. 
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Major  modification  of  Basic  RHMBASS  repeater 
is  required. 

Separate  transmit/receive  rf  channels  for 
Command/Sensor  data  link. 

1-8  rf  channel(s)  per  system  is/are  required. 

Number  of  repeaters  per  site  remains  the 
same  as  Basic  REMBASS, 

Weight  of  the  repeater  increases  30-40^, 

• Alternative  5. 

Minimum  modification  required  of  Basic  REMBASS 
repeater. 

Separate  DTS  for  repeater  Command/Sensor 
data  transmit  traffic.  Common  receiver  is 
shared  for  receive  side  for  Command/Sensor 
data. 

1-5  rf  channel (s)  per  system  is/are  required. 

Number  of  repeaters  per  site  remains  the  same 
as  Basic  REMBASS. 

Weight  of  repeater  is  estimated  to  increase 
5 per  cent. 

• Alternative  6. 


Repeaters  are  not  used  in  this  alternative. 

Line  of  site  is  required  between  CT  and  Command/ 
Sensor. 

1-5  rf  channel(s)  is/are  per  system  required. 
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VII.  ANALYSIS  OF  ALTERNATIVES 


7.1 


GENERAL 


Each  of  the  alternatives  will  be  analyzed  and 
evaluated  with  respect  to  the  catagories  below; 


• Cost 

1.  Expected  Hardware  Cost  for  each  alternative, 

2.  The  expected  Average  Unit  Cost  increase  of 
REMBASS  MSE  affected. 


Logistics  Support 

1.  Size 

2.  Weight 

3.  No.  of  new  items 

4.  Special  handling 

5.  Training 
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• Performance 


3 

1.  Number  of  channels  required 

2.  RFI  probability 

3.  Expected  message  loss 

4.  Improvement  in  quality  of  data  collected 

• RAM  Impact 

1.  Reliability 

2.  Availability 

3.  Maintainability 

• Miscellaneous 

1.  Growth  potential 

2.  Degree  of  use  of  existing  hardware 

7.1.1  Sensor  Weight  and  Size /Cube 

Regardless  of  the  atlerntive  selected,  it  is  esti- 
mated that  the  addition  of  a command  capability  will  increase 
the  weight  and  size  of  all  commandable  sensors  approximately 
1 to  2%  over  Basic  REMBASS  if  only  "electronic  commands"  are 
used.  The  majority  of  the  increase  is  due  to  the  addition  of 
a receiver,  decoder,  T/R  switch  and  associated  electronics. 

The  weight  and  size  increase  does  not  include  additional 
batteries  if  required.  If  "mechanical  movement"  functions 
(Panning  or  Zooming)  are  required,  the  weight  and  size  is 
expected  to  increase  20  to  30%  due  to  the  addition  of  servos 
and  associated  electronics. 


Command  Transmitter  Weight  and  Size /Cube 

The  Command  Transmitter  (CT)  is  expected  to  weigh 
approximately  5-6  pounds  and  be  approximately  150  cubic 
inches  in  size.  The  component  make  up  of  the  CT  includes 
a transmitter,  encoder,  program/synthesizer,  antenna,  battery, 
and  associated  electronics. 

7.1.3  Sensor  Monitor  Set  Weight/Size /Cube 

Adding  a command  capability  will  have  no  affect 
on  the  size  and  weight  of  the  Sensor  Monitor  Set. 

7.2  ALTERNATIVE  1 


7.2.1 


Cost  Impact 


As  configured  in  Alternative  1,  the  addition  of 
commandability  to  Basic  REMBASS  required  modification  of 
the  Hand  Emplaced  Analog  Acoustic  Sensor  and  the  Imaging 
Sensor;  and  the  development  of  a Command  Transmitter.  The 
estimated  cost  impact  of  this  effort  is  delineated  below  in 
Table  7-1.  Quantities  for  each  of  the  MSE  categories  and 
Commandability  Hardware  Requirements  were  developed  from  the 
component  breakdown  list  in  Fipure  7-1.  Additional  methodology 
and  supporting  documentation  used  to  develop  these  costs  are 
provided  in  Appendix  A. 
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TABLE  7-1. 

COST  IMPACT:  Alternative  1 


Commandability 

ESSSHSISISSSISBBI 

Total 

Estimated 

Estimated 

llarAvare 

HEASS 

Imaging 

Command 

Quan. 

Avg.  Unit 

Total 

Requirements 

(DT-563) 

Sensor 

Transmitter 

Req. 

Cost(FY77$tetCFY77$) 

Transmitter 

0 

0 

628 

628 

225 

141,300 

Receiver 

3,092 

3,092 

0 

6,184 

425  2 

,628,200 

Decoder 

3.092 

3,092 

0 

6,184 

233  1 

,440,872 

Encoder 

0 

0 

628 

628 

86 

53,580 

T/R  Switch 

3,092 

3,092 

0 

6,184 

95 

587,480 

Prog/ Synth. 

0 

0 

628 

628 

126 

79,128 

Chassis 

3,092 

3,092 

628 

6,812 

19 

129,428 

Antenna 
w/ Assoc. Elec. 

0 

0 

628 

628 

56 

35,168 

TCVCXO 

0 

0 

628 

628 

186 

116,808 

Battery 

(BA-5590) 

3,092 

3,092 

628 

6,812 

35 

238,420 

TOTAL  CO^m^T)ABILITY  COST  = $5,450,184 


Figure  7-1.  Alt.  1 Add  on  Component  Breakdown 


7.2.2 


7.2.2  Logistic  Support 

Logistic  support  for  this  alternative  will  not  be 
significantly  affected  by  the  addition  of  Commandability . 

The  repeater  remains  operationally  the  same  with  no  modifi- 
cations required.  The  Prescribed  Load  List  (PLL)  and  float 
MSE  will  show  a slight  increase  due  to  the  modification  of 
the  commandable  sensors  and  the  development  of  a Command 
Transmitter  (CT).  Additional  operator  and  maintenance 
training  will  be  added  to  the  MOS  Courses.  Special  handling, 
storage  and  transportation  requirements  will  be  significant. 


7.2.3 


Performance 


While  this  alternative  is  attractive  from  a logis- 
tics and  cost  standpoint,  the  overall  performance  is  expected 
to  experience  sufficient  degradation  to  render  it  unsatis- 
factory as  a system.  Adjacent  repeaters  are  transmitting 
and  receiving  on  the  same  rf  channel,  as  the  sensor  data 
link  and  command  data  link  share  the  same  channels.  This  will 
cause  adjacent  repeater  rf  interference  and  spatial  ring 
around  resulting  in  a "locked  up"  system.  There  will  be  a 
significant  increase  in  the  number  of  blocked  and  lost 
messages.  The  net  end  result  being  that  the  data  collected 
at  the  sensor  would  be  blocked  or  lost  as  it  is  being  trans- 
mitted over  the  DTS. 


7.2.4 


RAM  Impact 


• Reliability:  The  addition  of  command  features 
as  discussed  in  Alternative  1 will  have  only  a slight  impact 
on  the  predicted  reliability  (MTBF)  of  the  overall  system. 
Overall  predicted  reliability  of  the  system  in  this  alterna- 
tive is  .823  as  depicted  in  Appendix  B (Figure  B-2). 
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i 

I 

j 

• Availability : Since  system  availability  is  a i 

funciton  of  reliability  and  maintainability,  the  availability  I 

of  Commandable  REMBASS  will  not  be  significantly  different  | 

from  that  of  Basic  REMBASS.  I 


• Maintainability : No  significant  change  will 
occur  as  the  result  of  adding  commandability . Hand  Emplaced 
MSE  will  continue  to  be  considered  expendable/recoverable. 
Return  of  the  system  to  an  operational  status  will  normally 
be  by  replacement  of  modular  assemblies/boards.  While  the 
MTTR  of  the  boards  will  remain  the  same,  the  average  MTTR  of 
the  modified  MSE  will  show  a very  slight  increase  due  to  the 
number  of  boards  they  contain.  The  MTTR  of  the  Command 
Transmitter  Avas  considered  and  found  to  have  minimal  impact 
on  the  overall  MTTR  of  the  system. 


7.2.5  Other  Considerations 

o Basic  REMBASS  Hardware  Utilization:  Maximum 
use  is  made  of  Basic  REMBASS  hardvvare  in  this  Alternative, 


o 

enhance  the 


Growth  Potential;  This  Alternative  does  not 
growth  of  the  Basic  System. 


i 
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7.3  ALTERNATIVE  2 

7.3.1  Cost  Impact 

As  configured  in  Alternative  2,  the  addition  of 
commandabil ity  to  Basic  REMBASS  requires  modification  of 
the  Hand  Emplaced  Analog  Acoustic  Sensor  and  the  Imaging 
Sensor;  the  development  of  a Command  Transmitter;  and  pro- 
curement of  additional  radio  repeaters.  The  estimated  cost 
impact  of  this  effort  is  delineated  below  in  Table  7-2. 
Quantity  per  Basic  REMBASS  category  and  Commandabil ity 
Hardware  requirements  are  computed  from  the  component  break- 
down chart  in  Figure  7-2.  Additional  methodology  and  support 
ing  documentation  used  to  develop  these  costs  are  provided 
in  Appendix  A. 

TABLE  7-2.  COST  IMPACT:  Alternative  2 


Commandabil ity 
Hardware 
Requirements 

Quantity  per  REMBASS  MSE  Category 
HEASS  Imaging  Com.  Radio 
(UT- 563)  Sensor  Trans.  Repeat. 

Total 

Quan. 

Req. 

Estimated  Estimated 
Avg.  Unit  Total 
Cost(F177$)Cost(F177$) 

Transmitter 

0 

0 

628 

0 

628 

225 

141,300 

Receiver 

3,092 

3,092 

0 

0 

6,184 

425 

2,628,200 

Decoder 

3,092 

3,092 

0 

0 

6,184 

233 

1,440,872 

Encoder 

0 

0 

628 

0 

628 

84 

55,380 

T/R  Switch 

3,092 

3,092 

0 

0 

6,184 

95 

587,480 

Prog/ Synth. 

0 

0 

628 

0 

628 

126 

79,128 

Chassis 

3,092 

3,092 

628 

0 

6,812 

19 

129,428 

Antenna 
w/ Assoc. Elec. 

0 

0 

628 

0 

628 

56 

35,168 

Tcvao 

0 

0 

628 

0 

628 

186 

116,808 

Radio  Repeater 
(RT-1175) 

0 

0 

0 

3,092 

3,092 

2,266 

7,006,472 

Battery 

(BA-5590) 

3,092 

3,092 

628 

0 

6,812 

35 

238,420 

TOTAL  CONWANDABILITY  COST 

= 12,456,658 
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7.3.2  Logistic  Support  j 

The  adding  of  a command  capability  to  REMBASS 
using  this  alterntive  will  require  additional  logistic  j 

support.  While  the  repeater,  remains  the  same  in  size  and 
weight,  the  number  of  repeaters  will  double,  using  two  re-  j 

peaters  at  each  site.  This  increase  plus  the  slight  increase 
in  weight  and  size  of  the  commandable  sensors  and  the  I 

Command  Transmitter  will  increase  storage  requirements,  ^ 

reduce  the  transportability  capability,  and  increase  handling  ■ 

requirements.  Po^tfer  requirements  will  increase  significantly  .] 

at  the  repeater  sites,  resulting  in  a requirement  for  an 
increased  number  of  batteries  as  well  as  an  increased  number  | 

of  repair  parts.  Increased  training  requirements  will  be  met 
through  the  basic  operator/maintenance  MOS  training.  Because 
of  the  additional  repeaters,  an  increase  in  operator  and 
maintainability  personnel  must  be  anticipated. 

7.3.3  Performance  | 

The  overall  system  performance  of  this  alternative 
shows  significant  improvement  over  Basic  REMBASS,  Utilizing  j 

up  to  a maximum  of  8 different  radio  frequencies  in  the 
system, adjacent  repeater  interference  is  non-existent.  Blocked 
messages  in  the  system  are  reduced  providing  an  overall 
reduction  in  expected  message  loss.  The  net  result  being, 
that  data  collected  by  the  sensors  is  passed  through  the  1] 

system  with  no  reduction  in  quality  of  the  message.  This  j 

system  provides  flexibility  by  utilization  of  repeaters  as 
needed  in  the  system  to  provide  a command  capability.  I 


7.3.4 


• Reliability:  The  predicted  reliability  (MTBF) 
as  computed  in  Appendix  B (Figure  B-3)  is  .776.  The  sensor 
data  link  and  command  data  link  are  computed  together  showing 
the  separate  links  together.  If  the  data  and  command  links 
are  computed  separately  the  predicted  reliability  is  well 
above  the  .80  required  by  Paragraph  3.6.1  RBS-001. 

• Availability:  Since  system  availability  is  a 

I function  of  reliability  and  maintainability,  the  availability 

of  Commandable  REMBASS  will  not  be  significantly  different 
from  that  of  Basic  REMBASS. 

• Maintainability:  No  significant  change  will 
occur  as  the  result  of  adding  Commandabil ity . Hand  Emplaced 

I MSE  will  be  considered  expendable/recoverable.  Return  of  the 

\ system  to  an  operational  status  will  normally  be  by  replace- 

\ ment  of  modules/boards.  The  average  MTTR  of  the  modified 

I MSE  will  increase  very  slightly  due  to  the  increase  in  the 

^ number  of  boards  in  the  MSE.  The  MTTR  of  the  Command  Trans - 

[ mitter  and  additional  repeaters  were  also  considered  and  are 

I expected  to  have  significant  impact  on  the  overall  system  MTTR. 

I 

i 7.3.5  Other  Considerations 

M 

( 

\ • Basic  REMBASS  Hardware  Utilization:  Maximum  use 

F'  i 

h is  made  of  Basic  REMBASS  hardware  in  Alternative  2. 

t ^ i 

• Growth  Potential:  Growth  potential  and  flexi- 
bility is  enhanced  using  this  Alternative. 

7.4  ALTERNATIVE  3 


f 


> 


7.4.1  Cost  Impact 

As  configured  in  Alternative  3,  the  addition  of 
commandabil ity  to  Basic  REMBASS  requires  modification  of 
the  Hand  Emplaced  Analog  Acoustic  Sensor  and  the  Imaging 
Sensor.  A development  effort  is  required  for  this  alterna- 
tive. As  in  the  previous  alternatives  the  development  of  a 
Command  Transmitter  is  required.  The  estimated  cost  impact  of 
this  effort  is  delineated  below  in  Table  7*3.  Quantities 
per  REMBASS  MSE  category  and  commandabil ity  computed  using 
the  component  breakdown  in  Figure  7-3. 

7.4.2  Logistic  Support 

The  addition  of  a command  capability  using  this  alter- 
native will  have  a major  impact  on  logistic  support.  One  of 
the  major  factors  which  must  be  considered  is  the  expected  in- 
crease in  weight  and  size  of  the  repeater.  It  is  estimated 
that  the  increase  will  be  approximately  60  to  70%  over  that  of 
Basic  REMBASS  repeaters,  and  will  not  meet  REMBASS  specifications. 
The  increase  in  weight  and  size  of  the  repeater  would  reduce 
or  most  likely  preclude  any  "manpack"  capability.  This  increased 
weight  and  size  coupled  with  the  increase  of  the  commandable 
sensors  and  the  addition  of  a Command  Transmitter  (CT)  will  signi- 
ficantly increase  storage, transportabil ity, and  maintenance  re- 
quirements. Power  consumption  will  increase,  requiring  additional 
quantities  of  batteries.  Overall  PLL  quantities  will  show  an 
increase  because  of  increased  number  of  components  included  in  the 
MSE  and  the  addition  of  a command  transmitter.  Operator  and  main- 
tenance requirements  will  have  to  be  expanded  to  include  the 
changes  to  the  basic  system. 
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7-12 
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Figure  7-3.  Alt.  3 Add  on  Component  Breakdovvn 


7.4.3 


Performance 


The  system  performance  of  Alternative  3 is  expected 
to  be  essentially  the  same  as  in  Alternative  2.  Adjacent  re- 
peater radio  frequency  interference  and  spacial  ring  around 
is  eliminated,  thus  reducing  blocked  and  lost  messages.  This 
system  although  operationally  the  same  as  Alternative  2 is 
less  desirable  due  to  the  major  development  effort  required 
and  the  lack  of  flexibility. 

7.4.4  RAM  Impact 

o Reliability : The  addition  of  command  features 
as  discussed  in  Alternative  3 would  have  only  a slight  affect 
on  reliability  (MTBF) . The  overall  reliability  of  the  system 
is  .823  as  shown  in  Appendix  B (Figure  B-4) . 

0 Availability;  Since  system  availability  is  a 
function  of  reliability  and  maintainability,  the  availability 
of  Commandable  REMBASS  will  not  be  significantly  different 
from  that  of  Basic  REMBASS. 

o Maintainability:  No  significant  change  will 
occur  as  a result  of  adding  commandabil ity  to  the  system. 

Hand  emplaced  MSE  are  considered  to  be  expendable/recoverable. 
The  system  is  returned  to  operational  status  by  the  replace- 
ment of  modules/boards.  The  MTTR  of  modules  and  sub-assemblies 
will  remain  the  same;  however,  due  to  an  added  number  of 
modules/boards  to  the  system,  the  maintenance  man-hour  require- 
ment for  the  system  will  be  slightly  increased. 


7.4.5  Other  Considerations 
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ALTERNATIVE  4 


7.5.1  Cost  Impact 

As  configured  in  Alternative  4,  the  addition  of 
coiamandability  to  Basic  REMBASS  requires  modification  of  the 
Hand  Emplaced  Analog  Acoustic  Sensor  and  the  Imaging  Sensor. 
Additional  efforts  will  also  be  required  to  modify  the  radio 
repeater  for  dual  channel  operation,  and  develop  a Command 
Transmitter.  The  estimated  cost  impact  is  delineated  below 
in  Table  7-4.  Quantities  per  REMBASS  MSE  category  and  com- 
mandability  hardware  requirements  i^rere  computed  using  the 
component  breakdown  shown  in  Figure  7-4.  The  methodology 
and  supporting  documentation  used  to  develop  these  costs  are 
provided  in  Appendix  A. 

TABLE  7-4.  COST  IMPACT:  Alternative  4 


Commandabil ity 
Hardware 
Requirements 

Quantity  per  REMBASS  MSE  Category 

Total 

Quan. 

Req. 



Estimated 
Avg.  Unit 
Cost(FY77$) 

Estimated 

Total 

Cost(Ft77$) 

HEASS 

(Dr-563) 

Imaging 

Sensor 

Com. 
Trans . 

Radio 

Repeater 

Transmitter 

0 

0 

628 

0 

628 

22  5 

141,300 

Receiver 

3,092 

3,097 

0 

3,092 

9,276 

415 

3,849,540 

Decoder 

3,092 

3,09?. 

0 

0 

6,184 

233 

1,440,872 

Encoder 

0 

0 

628 

0 

628 

84 

52,416 

T/R  Switch 

3,092 

3,092 

0 

3,092 

9,276 

92 

853,392 

Programmer 

0 

0 

628 

0 

628 

126 

79,128 

Chassis 

3,092 

3,092 

628 

0 

6,812 

19 

129,428 

Chassis (Mod) 

0 

0 

0 

3,092 

3,092 

84 

259,728 

Antenna 

w/ Assoc. Elec.) 

0 

0 

628 

0 

628 

57 

35,796 

TCVCXO 

0 

0 

628 

0 

628 

186 

116,808 

S5F  Logic 

0 

0 

0 

3,092 

3,092 

184 

568,928 

Battery 

f BA- 5590) 

3,092 

3,092 

628 

9,276  16,088 

35 

563,080 

TOTAL  CQNMANDXBILm'  COST  = 

$8,090,416 
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BEST  AVAIUBIE  COPY 


Alt.  4 Add  on  Component  Breakdown 


7.5.2 


Logistic  Support 


The  addition  of  commandability  to  REMBASS  using 
this  alternative  has  a moderate  impact  upon  the  logistic  sup- 
port requirements.  It  is  estimated  that  the  addition  of 
commandability  will  increase  the  weight  and  size  of  the 
repeater,  approximately  30  to  40%.  The  majority  of  the  in- 
crease comes  from  addition  of  a receiver,  battery,  unique 
electronics  and  increased  size  of  chassis.  This  repeater 
will  not  meet  weight  and  size  specifications  for  the  RBS 
repeaters.  The  capability  to  "manpack"  the  repeater  is 
greatly  reduced  because  of  weight  and  size  increases.  Stor- 
age and  transportation  requirements  will  increase  as  the 
result  of  the  repeater  and  sensor  modification  and  the  Com- 
mand Transmitter  development.  Additional  training  require- 
ments will  be  included  in  the  basic  operator/maintenance 
MOS  courses.  Repeater  power  consumption  is  expected  to 
increase  significantly  because  of  the  added  receiver. 


7.5.3 


Performance 


The  overall  performance  of  the  system  is  improved 
over  Basic  REMBASS  and  Alternative  1.  The  performance  will 
be  less  satisfactory  when  compared  to  Alternative  2 and  3 
because  the  system  is  using  a single  transmitter  to  handle 
both  command  and  sensor  data.  Radio  frequency  interference 
is  minimum  using  this  alternative  when  the  maximum  number  of 
frequencies  are  utilized.  Blocked  messages  and  message  losses 
will  be  minimized.  The  quality  of  data  initially  collected 
by  the  sensors  is  not  significantly  degraded  in  the  data 
transmission  system. 
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7.5.4 


TTT 


RAM  Impact 


• Reliability:  Predicted  reliability  (MTBF)  of  the 
system  in  Alternative  4 is  .818  which  is  above  the  .80  required 
by  Paragraph  3.6.1,  RBS  001.  Rationale  and  documentation  of 
the  reliability  for  this  alternative  is  found  in  Appendix  B 
(Figure  B-53 . 


• Availability : Since  system  availability  is  a 
function  of  reliability  and  maintainability,  the  availability 

; of  commandable  REMBASS  \vill  not  be  significantly  different 

from  Basic  REMBASS. 

• Maintainability : No  significant  change  will  occur 
as  a result  of  adding  commandability . Hand  emplaced  components 
of  the  system  will  be  considered  expendable/recoverable.  Re- 

, turn  of  the  system  to  an  operational  status  will  normally  be 

by  replacement  of  modules/boards.  The  MTTR  of  the  boards 
will  remain  the  same.  However,  there  will  be  an  increase  in 
, the  number  of  modules/boards  in  the  system.  The  average  MTTR 

of  the  system  will  show  a slight  increase.  There  will  be  addi- 
tional maintenance  man-hour  requirement  over  Basic  REMBASS. 
Maintenance  man-hour  requirements  would  be  approximately  the 
same  as  for  Alternative  2 and  3. 


7.5.5  Other  Considerations 

• Basic  REMBASS  Hardware  Utilization:  Alternative 
4 utilizes  the  Basic  REMBASS  modules/boards  to  a maximum  ex- 
tenst.  There  is  a requirement  for  an  extensive  development 
effort  for  the  repeater  and  Command  Transmitter. 
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• Growth  Potential:  Groivth  potential  is  enhanced 
over  Basic  REMBASS. 

7.6  ALTERNATIVE  5 


7.6.1 


Cost  Impact 


As  configured  in  Alternative  S,  the  addition  of 
commandability  to  Basic  REMBASS  required  modification  of  the 
Hand  Emplaced  Analog  Acoustic  Sensor,  and  the  Imaging  Sensor. 
Additional  efforts  will  be  required  to  modify  the  Radio  Re- 
peater, for  dual  channel  operation,  and  to  develop  a Command 
Transmitter.  The  estimated  cost  impact  is  delineated  below 
in  Table  7-5.  The  methodology  and  supporting  documentation 
used  to  develop  these  costs  are  provided  in  Appendix  A. 
Quantity  per  REMBASS  MSE  category  and  commandability  hardiii'are 
requirements  were  developed  by  using  the  component  breakdown 
structure  in  Figure  7-5. 


TABLE  7-5.  COST  IMPACT:  Alternative  5 


! Commandability 
Hardware 
Requirements 

Quantity 

heaSs 

(nr-563) 

per  REMBASS  MSE  Category 
Imaging  Com.  Radio 

Sensor  Trans.  Repeater 

Total 

Quan. 

Req. 

Estimated 
Avg.  Unit 
Cost(B77$) 

Estimated 

Total 

Cost(FY77$) 

Transmitter 

0 

0 

628 

0 

628 

225 

141,500 

Receiver 

3,092 

3,092 

0 

0 

6,184 

425 

2,628,200 

Decoder 

3,092 

3,092 

0 

0 

6,184 

233 

1,440,872 

Encoder 

0 

0 

628 

0 

628 

84 

55,380 

T/R  Switch 

3,092 

3,092 

0 

0 

6,184 

95 

587,480 

Programmer 

0 

0 

628 

0 

628 

126 

79,128 

Chassis 

3,092 

3,092 

628 

0 

6,812 

19 

129,428 

Chassis  (Nfod) 

0 

0 

0 

3,092 

3,092 

84 

259,728 

Antenna 
w/ Assoc. Elec. 

0 

0 

628 

0 

628 

56 

35,168 

TQOO 

0 

0 

628 

0 

628 

186 

116,808 

Battery 

(BA-5590) 

3,092 

3,092 

628 

0 

6,812 

35 

238,420 

TOTAL  CC^&IANDABILITY  COST 

= $5,709,912 
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7.6.2 


Logistic  Support 


The  addition  of  commandability  using  this  alterna- 
tive will  have  very  little  impact  on  logistics  support.  The 
estimated  increase  in  weight  and  size  of  Basic  RHMBASS  repeaters 
when  modified  is  expected  to  be  less  than  5%  over  the  REMBASS 
specification.  This  will  enhance  the  capability  for  "manpack” 
over  all  other  alternatives  using  a modified  repeater  or  an 
additional  repeater.  The  repeater  for  this  alternative  will 
require  very  little  additional  storage  space,  and  no  special 
handling.  REMBASS  PLL  quantities  would  show  a very  slight 
increase,  caused  primarily  by  the  modified  sensors  and  the 
additional  Command  Transmitter.  Repeater  power  consumption 
would  remain  essentially  the  same  as  in  Basic  REMBASS.  Any 
additional  training  requirements  will  be  added  to  the  basic 
operator/maintenance  MOS  courses. 


7.6.3 


Performance 


The  performance  of  this  system  is  expected  to  be 
excellent.  As  in  Alternative  4 the  only  deficiency  of  the 
system  (if  there  is  one)  is  that  the  transmitter  is  shared  by 
the  data  link  and  the  command  link  utilizing  two  separate  RF 
channels.  The  receiver  also  shares  both  links  but  on  one 
frequency.  If  the  number  of  command  messages  are  kept  to  30-40 
per  24  hour  period  it  is  felt  that  the  system  will  experience 
no  noticeable  degradation.  This  system  reduces  the  number  of 
RF  channels  for  the  system  from  8 in  Alternatives  2,  3 and  4 
down  to  5 in  this  Alternative  without  increasing  RF  inter- 
ference and  spatial  ring  around  problems.  Hence,  quality  data 
collected  at  the  sensor  moves  through  the  system  with  little 
or  no  degradation. 
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7.6.4 


RAM  Impact 


• Reliability : The  system  predicted  reliability 
(MTBF)  for  Alternative  5 is  .815  which  exceeds  the  .80  re- 
quirement set  forth  in  Paragraph  3.6.1,  RBS-001.  Rationale 
and  documentation  for  reliability  for  this  Alternative  is  found 
in  Appendix  B (Figure  B-6) . 

• Availability : Since  system  availability  is  a 
function  of  reliability  and  maintainability,  the  availability 
of  commandable  REMBASS  will  not  be  significantly  different 
from  Basic  REMBASS. 

• Maintainability : No  significant  change  is  ex- 
pected as  the  result  of  adding  commandability . Hand  Emplaced 

MSE  will  be  considered  expendable/recoverable.  Return  of 
the  system  to  an  operational  status  will  be  by  replacement  of 
modules/boards.  The  MTTR  of  the  boards  will  remain  the  same 
as  in  Basic  REMBASS.  However,  there  will  be  an  increase  in 
the  number  of  boards  resulting  in  a very  slight  increase  in 
maintenance  man-hour  effort  for  the  system.  The  maintenance 
man-hour  requirement  will  be  less  than  in  Alternative  2,  2, 
and  4. 


7.6.5 


Other  Considerations 


• Basic  REMBASS  Hardware  Utilization;  Alternative 
5 utilizes  the  Basic  REMBASS  modules/boards  to  the  maximum. 


• Repeater  Modification  Effort:  This  alternative 
requires  less  modification  to  the  basic  Radio  Repeater  RT-1175 
than  any  of  the  alternatives  considered. 
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• Growth  Potential:  This  alternative  provides  a 
greater  growth  potential  than  other  alternatives. 

7.7  ALTERNATIVE  6 

7.7.1  Cost  Impact 

As  configured  in  Alternative  6,  the  addition  of  com- 
mandability  to  Basic  REMBASS  requires  modification  of  the  Hand 
Emplaced  Analog  Acoustic  Sensor  and  the  Imaging  Sensor,  and 
the  development  of  a Command  Transmitter.  The  estimated  cost 
impact  of  this  effort  is  delineated  below  in  Table  7-6.  The 
methodology  and  supporting  documentation  used  to  develop  these 
costs  are  provided  in  Appendix  A.  Quantity  per  REMBASS  MSE 
category  and  commandability  hardware  requirements  were  developed 
using  the  component  breakdown  in  Figure  7-6. 

TABLE  6-10.  COST  IMPACT:  Alternative  6 


Comniandability 

Quantity  per  REMBASS 

MSE  Category 

Total 

Estimated 

Estimated 

Hardware 

Requireiiients 

HEASS 

(171-563) 

Imaging 

Sensor 

Coimr.and 

Transmitter 

Quan. 

Rcq. 

Avg.  Unit 
Cost(FY77$) 

Total 

Cost(Hi77$) 

Transmitter 

0 

0 

628 

628 

225 

141,300 

Receiver 

3,092 

3,092 

0 

6,184 

425  2 

,628,200 

Decoder 

3.092 

3,092 

0 

6,184 

233  1 

,440,872 

Encoder 

0 

0 

628 

628 

86 

T/R  Switch 

3,092 

3,092 

0 

6,184 

95 

Prog/ Synth. 

0 

0 

628 

628 

126 

Chassis 

3,092 

3,092 

628 

6,812 

19 

129,428 

Antenna 

w/Assoc.Elec. 

0 

0 

628 

628 

56 

TCVCXO 

0 

0 

628 

628 

186 

Battery 

(BA-5590) 

3,092 

3,092 

628 

6,812 

35 

1 TOFAL  COMAND^BILITY  COST  = $5,450,184 
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Logistic  Support 


ik 


The  addition  of  a command  capability  using  this 
alternative  would  require  little  additional  logistic  support 
as  far  as  storage,  maintenance,  training,  and  PLL  is  concerned. 
The  primary  increase  in  support  requirements  would  come  from 
the  use  of  an  airborne  platform  if  required.  The  operational 
cost  of  the  platform  to  support  this  system  is  expected  to  be 
substantial . 

7.7.3  Performance 

The  performance  of  the  system  is  improved  over  Basic 
REMBASS  if  the  command  transmission  path  is  available  to  com- 
mandable  sensors.  This  path  would  normally  be  met  by  the 
Command  Transmitter  being  airborne,  on  a hilltop  that  is  line- 
of-site  to  all  sensor  fields,  or  in  forward  areas  near  sensor 
implacement.  The  latter  would  require  a sufficient  number 
of  Command  Transmitters  assigned  down  at  team  level  to  allow 
the  teams  to  command  the  sensors  in  their  area  of  responsibility 
from  a forward  location.  If  one  of  the  three  conditions  are 
met  then  this  system  would  perform  satisfactorily.  Radio  Fre- 
quency interference,  blocked,  and  lost  messages  are  reduced 
when  conditions  that  are  described  above  are  met.  The  RF 
spectrum  is  conserved  using  this  alternative. 

7.7.4  RAM  Impact 

• Reliability:  The  system  reliability  for  Alterna- 
tive 6 is  .823  which  exceeds  the  .80  requirement  set  forth  in 
Paragraph  3.6.1,  RBS-001.  Rationale  and  documentation  for  the 
reliability  computation  is  shown  in  Appendix  B (Figure  B-7). 
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• Availability : Since  system  availability  is  a 
function  of  reliability  and  maintainability,  the  availability 
of  Commandable  REMBASS  will  not  be  significantly  different 
from  that  of  Basic  REMBASS. 


7.7.5 


Other  Considerations 


Basic  REMBASS  Hardware  Utilization:  Alternative 


6 utilizes  the  Basic  REMBASS  component  to  a maximum  extent. 
The  only  development  is  for  a Command  Transmitter.  The  only 
modification  is  to  sensors  selected  for  commandability . 

• Growth  Potential:  Growth  potential  is  not  en- 
hanced significantly  using  this  alternative. 

7 . 8 Summary  of  Analysis 

A summarization  of  the  analysis  of  each  alternative 
is  provided  in  Table  7-7. 
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• Size/Cube  - The  size  of  each  modified  component 

or  developed  item  in  each  alternative  is  compared  against  Basic 
REMBASS  component  and  other  alternatives. 

• RF  Requirement  - Each  alternative  was  evaluated 
for  RF  channel  requirements  against  Basic  REMBASS  and  other 
alternatives . 

• RF  Interference  - Each  alternative  was  evaluated 
against  Basic  REMBASS  and  other  alternatives  for  predicted  RF 
interference . 

• Blocked  messages  - Each  alternative  w’as  evaluated 
against  Basic  REMBASS  and  other  alternatives  as  to  the  proba- 
bility of  an  increase  or  decrease  in  the  number  of  blocked 
messages . 

• Message  Loss  - Each  alternative  was  evaluated 
against  Basic  REMBASS  and  other  alternatives,  as  to  the  ex- 
pected message  loss. 

• Reliability  - A reliability  assessment  was  made 
on  each  alternative  reflecting  the  predicted  reliability  for 
each  system. 

• Availability  - Each  alternative  was  assessed  as 
expected  impact  on  system  availability  that  the  adding  of 
commandability  would  have  on  each  alternative. 

• Maintainability  - Maintainability  of  the  system 
was  evaluated  for  each  alternative  from  both  a scheduled  and 
an  unscheduled  maintenance  standpoint. 
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• Cost  - Each  alternative  was  assessed  as  to  the 
expected  increase  in  cost  for  the  additions  of  commandability . 

• Number  of  New  Components  - Each  alternative  was 
evaluated  as  to  the  number  of  new  components  (REMBASS)  re- 
quired as  compared  to  Basic  REMBASS  and  other  alternatives. 

• Utilization  of  Existing  Hardware  - Each  alterna- 
tive was  evaluated  from  a standpoint  of  utilization  of  exist- 
ing boards/assemblies  from  Basic  REMBASS. 

• Power  Budgeting  - The  power  consumption  of  each 
alternative  was  evaluated  and  shown  as;  a small  increase, 
medium  increase  or  large  increase  in  expected  required  power 
for  the  commendable  sensor  and  modified  or  developed  repeaters. 

8.3  " ALTERNATIVE  COMPARISON 


Table  8-1  is  provided  in  which  a subjective  ranking 
of  each  alternative  is  presented  based  on  the  operational  en- 
hancement criteria  discussed  in  paragraph  8.2.  The  "enhance- 
ment value"  of  the  criteria  as  they  apply  to  each  alternative 
were  rated  over  the  following  scale: 


• High  value  = 4 

• Medium  value  = 3 

• Low  valvie  = 2 

• Very  low  value  = 1 

• No  value  = 0 


8.4  DISCUSSION  OF  RECOMMENDED  ALTERNATIVE 

Alternative  5 is  considered  to  be  superior  over 
Alternatives  1,  2,  3,  4,  and  6 and  is  therefore  the  most  desirable 
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approach  for  adding  a command  capability  to  REMBASS.  This 
alternative  will  have  the  least  impact  on  Basic  REMBASS  while 
providing  the  operational  performance  capability  desired  by 
the  user.  Performance,  logistics,  blocked  messages,  lost 
messages,  weight,  size,  power  consumption,  frequency  utili- 
zation, and  cost  considerations  were  considered  to  be  major 
advantages  for  selecting  Alternative  5.  While  no  repeater 
modifications  ivere  required  for  Alternative  2,  an  additional 
3092  repeater  would  be  required  to  fully  support  the  command 
system.  This  alternative  is  considered  superior  over  Alter- 
native 6 from  an  operational  standpoint.  The  capability  of 
providing  a command  data  repeater  link  where  line-of-site 
does  not  exist  is  considered  to  be  a required  feature  of  the 
system.  Alternative  6 does  not  provide  this  capability  with- 
out an  airborne  platform  or  without  using  Basic  REMBASS  re- 
peaters called  out  in  the  BOIP  for  use  in  the  sensor  data 
link.  While  Alternatives  3 and  4 provide  an  equal  operational 
capability,  they  are  considered  to  be  inferior  from  an  over- 
all size,  weight,  power  consumption,  modifications  required, 
and  cost  parameters.  Alternative  1 is  considered  to  be  least 
desirable  because  of  spatial  ring  around,  radio  frequency 
interference,  blocked  messages,  and  lost  messages  resulting 
in  unsatisfactory  system  performance  even  though  it  was  ranked 
higher  than  Alternatives  3 and  4. 
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APPENDIX  A 

REMBASS  COMI'IANDABILITY  COST  IMPACT 


The  cost  estimate  for  the  addition  of  commandability 
to  Basic  REMBASS,  as  configured  in  each  of  the  six  alterna- 
tives discussed  in  this  study,  can  be  arrived  at  by  estimating 
the  cost  of  the  additional  equipments  required,  taking  into 
account  commonality  with  Basic  REMBASS  hardware  items  (i.e., 
total  procurement  quantities  of  hardware  items  required  for 
a commandable  system)  and  utilizing  experience  curve  theory. 
However,  inasmuch  as  cost  data  pertaining  to  specific  hard- 
ware items  at  the  detail  levels  of  the  Basic  REMBASS  Work 
Breakdown  Structure  (WBS)  are  not  currently  available,  cost 
estimating  will  be  done  by  analogy. 

Table  A-1  provides  cost  data  pertaining  to  hard,ware 
items  which  are  analogous  to  those  required  for  Basic  REMBASS 
and  Commandable  REMBASS:  The  first  column  delineates  the 
specific  hardware  items;  the  second  column  lists  the  average 
unit  cost  of  these  items  (escalated  to  FY77$) - -these  costs 
were  obtained  either  from  the  most  recent  applicable  Army 
contract  or  as  best  engineering  estimates  as  indicated  in 
the  third  column;  the  fourth  column  delineates  estimates  of 
the  total  quantities  of  the  hardware  items  procured  through 
t the  most  recent  contract  ® ; the  fifth  column  lists  estimates 

of  the  first  unit  cost  of  each  hardware  item  (with  the  exception 
; of  the  BA- 5590  battery  ® ),  arrived  at  by  using  the  formula 

: ; C(X)  = U X®,  (Al) 

t 

’ which  follows  from  experience  curve  theory,  where 

B = Experience  curve  exponent 
X = TotCil  quantity  of  procured  items 
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U = First  unit  cost  of  procured  item 
C(X)  = Average  unit  cost  of  X items 

The  value  of  B was  calculated  to  be  -0.1520  by 
assuming  (conservatively)  a 901  experience  curve  slope, 
except  in  the  case  of  the  Radio  Repeater  (RT-1175),  where 
B was  taken  to  -0.2176,  corresponding  to  an  86%  experience 
curve  slope  (based  upon  current  contractor  DTUPC  projec- 
tions ®).  The  last  column  lists  the  quantities  of  hardware/ 
sub  assemblies  items  required  for  Basic  REMBASS,  based  upon 
a 24  division  force  structure.  ® 
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TABLE  A-1.  COST  DATA 

Hardware 

I tan 

Average 
Unit  Cost 
(FY77$) 

Source 

Total 

Quantity 

Procured 

< 

First 

Unit 

Cost 

(FY77$) 

1 

i 

Basic 

REMBASS  1 
Quantity  ^ | 

Transmitter 

(T-1143) 

226 

DAAB07-75-C-0123 

40,000 

1,131 

1 

41,452 

Receiver 

(R-1641) 

593 

DAAB07-73-C-0123 

2,000 

1,883 

11,788 

Decoder 

(KY-676) 

222 

DAAB07-73,-C-0014 

25,000 

1,035 

11,788 

Encoder 

(KY-678) 

74 

DAAB07-73-C-0015 

100,000 

426 

41  .452 

T/R  Switch 

129 

DAAB07-76-C-0194 

2,000 

410 

1 

9,276  1 

1 

Programmer/ 

Synthesizer 

250 

Estimate  ® 

500 

643 

44,544  1 

C?iassis 

25 

Estimate  ® 

1,000 

71 

0 

Chassis 

(Mod.) 

100 

Estimate  ® 

1,000 

286 

0 

Antenna  (w/ 

associate 

electronics) 

100 

Estimate  ® 

1,000 

286 

43,946 

TCVCXO 

370 

Estimate  ® 

500 

952 

47,056 

S§F  Logic 

300 

Estimate  ® 

500 

772 

'9,276 

Radio  Re- 
peater (RT- 
1175) 

2,634 

DAAB07-77-C-3298 

3,092 

15,141 

3,092 

Battery 
(BA- 5590) 

35 

Estimate  ® 

♦ > 

-- 

50,100 

— 

-3 


The  costs  presented  in  Tables  5-5  to  5-10  were 
derived  based  upon  the  data  given  in  Table  A-1  and  equation 
(A-1):  The  estimated  average  unit  cost  o£  each  hardware 
item  necessary  for  coramandability  was  obtained  by  utilizing 
equation  (Al)  with  the  first  unit  cost  C(X)  from  Table  A-1 
and  the  quantity  X given  by  the  sum  of  the  quantities  needed 
for  Basic  REMBASS  (in  Table  A-1)  and  the  additional  quantities 
required  for  commandability  (in  Tables  5-5  to  5-10  and  Figures 
A-1  to  A-6);  an  experience  curve  exponent  B = -0.1520  was 
used  for  all  hardware  items,  except  the  Radio  Repeater,  where 
B = -0.2176  was  used  (see  explanation  following  equation  (Al)). 
The  total  cost  associated  with  each  hardware  item  was  then 
obtained  by  multiplying  the  quantity  of  items  required  for 
commandability  by  their  average  unit  cost. 


® PMO  REMBASS. 

® PMO  REMBASS. 

® It  is  anticipated  that  the  Army  will  be  procuring  BA-5590 
batteries  in  lots  of  1 million  (PMO  REMBASS);  the  ET§D  Labs, 
Power  Sources  Division  estimates  the  resulting  average  unit 
cost  of  the  BA-5590  battery  to  be  $35. 

® ED  contract  (DAAB07-77-C-3298)  with  RCA. 

©Revised  REMBASS  BOIP-II,  Oct.  1977  (Intelligence  School). 


Figure  A-1.  Alt,  1 Add  on  Component  Breakdown 


Figure  A- 2.  Alt.  2 Add  on  Component  Breakdown 
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APPENDIX  B 

RELIABILITY  COMPUTATIONS 


B.1.1  GENERAL 

Reliability  computations  v.’ere  completed  on  all 
alternatives  considered  using  Paragraph  3.6.1  of  RBS-001  as 
the  basis.  The  specified  reliability  of  the  system  is  .80 
probability  of  success  for  a mission  time  of  168  hours.  The 
Basic  REMBASS  reliability  model  (Figure  B.1.1)  is  used  as 
a starting  point,  making  necessary  changes  to  reflect  the 
addition  of  commandability . In  the  model  any  two  of  three 
sensors  must  operate  without  failure  for  168  hours.  The 
highest  sensor  failure  rate  was  used  for  all  calculations. 

All  equipment  in  series  with  the  sensors  must  operate  168 
hours  without  failure.  Each  alternative  reliability  configura- 
tion is  discussed  in  the  following  paragraphs.  Failure  rate 
assessment  of  each  item  of  equipment  involved  is  provided  in 
Tables  B.1.1  thru  B.1.11. 

B. 1.1.1  Reliability  (Alternative  1).  The  reliability  in 
Alternative  1 as  calculated  falls  well  above  the  REMBASS 
specification.  Figure  B.1.2  is  the  reliability  prediction 
model  used  for  this  alternative. 

B.1.1. 2 Reliability  (Alternative  2).  The  predicted  re- 
liability for  Alternative  2 is  .776  when  both  systems  are 
calculated  together  (command  and  data  link).  This  calcula- 
tion is  provided  in  Figure  B.1.3.  If  these  two  links  were 
calculated  separately  the  predicted  reliability  of  each  link 
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is  well  above  the  .80  reliability  set  forth  in  the  REMBASS 
specifications.  For  this  reason,  the  .776  reliability  while 
considered  in  evaluation  of  the  alternatives  as  being  signi- 
ficant, was  not  considered  dominant  because  of  system  con- 
figuration. If  Alternative  2 should  ultimately  be  the  choice 
system,  the  reliability  should  be  further  explored. 

B.1.1.3  Reliability  (Alternative  3).  The  reliability 
prediction  of  .813  in  Alternative  3 is  above  the  REMBASS  speci 
fication  requirement  of  .80.  The  reliability  model  for  Alter- 
native 3 is  shown  in  Figure  B.1.4. 

B.1.1.4  Reliability  (Alternative  4).  The  reliability  pre- 
diction for  this  alternative  is  .818  which  is  well  above  the 
.80  REMBASS  specification  requirement.  Figure  B.1.5  shows 
the  reliability  prediction  model  used  in  this  alternative. 

B.1.1.5  Reliability  (Alternative  5).  The  reliability  pre- 
diction for  this  alternative  is  .823,  again  well  above  the 
REMBASS  specification  requirement.  Figure  B.1.6  shows  the 
reliability  prediction  model  used  in  this  alternative. 

B.1.1.6  Reliability  (Alternative  6).  The  reliability  pre- 
diction for  this  model  is  .823,  well  above  the  REMBASS  speci- 
fication requirement  (.80),  and  is  provided  in  Figure  B.1.7. 

B.1.2  CONCLUSION 

The  addition  of  commandability  has  relatively  littl 
affect  on  the  predicted  reliability  of  the  Basic  REMBASS. 


FIGURE  BASIC  REMBASS  RELIABILITY  MODEL 
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FIGURE  B.1.2.  REMBASS  ALTERNATIVE  1 RELIABILITY  PREDICTION 


FIGURE  B.1.3.  REMBASS  ALTERNATIVE  2 RELIABILITY  PREDICTION 
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FIGURE  B.1.5.  REMBASS  ALTERNATIVE  4 RELIABILITY  PREDICTION 
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FIGURE  B.1.6.  REMBASS  ALTERNATIVE  5 RELIABILITY  PREDICTION 
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REMBASS  ALTERNATIVE  6 RELIABILITY  PREDICTION 
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TABLE  B.1.2.  FAILURE  RATE  ASSESSMENT  DT-562  SENSOR 
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Estimate—  used  encoder  failure  rate  Total  Failure  Rate  = 108.7 

since  both  modules  do 

equal  but  opposite  functions.  Mean  time  before  failure  = 9,200  hrs. 
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TABLE  B.1.4.  FAILURE  RATE  ASSESSMENT  DT-565  SENSOR 
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Estimate  — used  encoder  failure  Total  Failure  Rate  » 126.9 

rate  since  both  modules 

perform  equal  but  opposite  Mean  Time  between  Failure  = 7880  Hrs. 

functions. 


TABLE  B.1.5.  FAILURE  RATE  ASSESSMENT  DT-573  SENSOR 
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TABLE  B.1.6 


SUMMARY  FAILURE  RATE  ASSESSMENT,  SENSOR  MONITOR  SET 


MODULE  OR  ASSEMBLY 

FAILURE  RATE 

SOURCE 

FAILURE  RATE 
f/lO®  HOURS 

Receiver/ Synth  Module  (2) 

(U)  RCA  PROPOSAL 

149.686 

Detect/Decode/Patch/Calc  Logic  Board 

9421 17B  VOL  II 

405.223 

Clock/BITE/Pwr.  Control /Display 

(DESCRIPTION  OF 

Logic  Board 

OPTIMUM  SYSTEM) 

62.807 

Display  Driver  Board 

REMBASS  DATED 

179.237 

Display  Board 

28  MARCH  1977 

50.005 

Front  Panel 

68.200 

Calc/Patch  Keyboard 

61.700 

Case 

3.450 

Wire  and  Connector  Assembly 

3.000 

Thermal  Printer  Module 

200.000 

AC/DC  Power  Supply  Module 

11.961 

Battery  Pack 

NOTE 

NOTE:  Battery  1s  not  assigned  a 
failure  rate  probability 
of  success  because  it  can 
be  replaced  in  5 minutes. 


Total  Failure  Rate 
= ^T  = 


1195.269 


All  Modules, 

MTBF  = e,  = 834  hrs. 
All  Functions 


BITE,  Temp  Display  and  Printer 


BITE 

Temp.  Display 
Printer 

BITE,  T.D.,  Ptr. 
Complete  SMS 
Less  BITE,  TD,Ptr. 

SMS  less  BITE,  TD,  Ptr. 


Failure  Rate 
f/10^  hours 

11.100 

260.293 

200.000 

XBITE/TD/PTR  = 471.393 
X-  =1195.269 
XBITE/TD/PTR  =-471.393 

XSMS  = 723.876  MTBF 


- 1381  hours 
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FAILURE  RATE  ASSESSMENT,  RT-n75  REPEATER 
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APPENDIX  C 

Cl.  SEAOPSS  OVERVIEW 
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C.l  GENERAL 


Five  versions  of  a Phase  III  Portable  Command 
Transmitter  (PCT)  were  developed  for  use  with  both  digital 
and  analog  unattended  ground  sensor  (UGS)  equipment.  The 
following  is  a brief  description  of  the  command  link,  the 
sensors,  and  the  decoding  logic  employed  in  support  of 
SEAOPSS  and  Battle  Area  Surveillance  System  (BASS)  operations. 

C.1.1  Portable  Command  Transmitters  (PCT) 

This  paragraph  briefly  outlines  the  Defense  Special 
Projects  Group  (DSPG)  approach  to  Phase  III  portable  command 
transmitters  of  the  MA-46  family  of  equipment.  These  devices 
permit  tactical  forces  to  exercise  the  command  capabilities 
of  (certain)  Phase  III  equipment.  Under  manual  control  of 
the  operator,  front  panel  switches  are  used  to  enable  the  PCT 
to  generate  and  transmit  commands  to  remotely  located  devices. 
The  PCT  can  also  be  employed  as  a test  generator,  or  it  can 
be  used  to  transmit  to  a commandable  repeater  to  allow  com- 
munications sensors  masked  from  direct  LOS  transmission  paths. 
Figure  C.l. 1.1  illustrates  the  equipment  under  discussion. 

C.l.  1.1  Operational  Characteristics.  The  PCT  (MA-46)  was 
built  in  five  models  according  to  the  transmitter  frequency 
and  special  functions: 

Model  Frequency  Function 

MA-46  316.5  MHz  Transmits  directly  to  Phase  III 

commandable  sensors. 

MA-46-1  319.8  MHz  Transmits  to  BASS  I command  relay. 


1 


f 


C-1 


Model 


Function 


rW 


MA-46-2 


MA-46-3 


MA-46-4 


Frequency 
321.1  MHz 

All  Three 


316.5  MHz 
321.1  MHz 


Transmits  to  BASS  III  command 
relay. 

Transmits  to  sensors  directly 
or  through  BASS  I/I  1 1 or  any 
command  relay. 

Transmits  to  Covert  Observa- 
tion Device  (COD)  directly 
or  through  BASS  III  command 
relay. 


C.1.1.2  Design  Features.  The  Phase  III  PCT  is  a rugged, 
self-contained  battery  powered,  portable  field  unit  designed 
to  command  field  deployed  Phase  III  commandable  sensors  at 
ranges  up  to  1 Km  with  a nominal  10  Watt  power  output.  It 
may  also  be  used  as  a local  command  transmitter  for  sensor 
system  checkout  using  a low  power  output  mode  that  delivers 
10  milliwatt  power  output.  Other  features  include  small 
size,  lightweight,  rechargeable/replaceable  battery  pack  with 
built-in  charger,  pushbutton  code  set-ups,  numerical  display 
of  entered  codes,  end  of  transmission  (EOT)  indicator,  battery 
condition  indicator,  and  a single-hand  carry/operate  capa- 
bility. The  unit  requires  no  warm-up  time,  field  adjustments 
or  calibration.  Separation  of  the  case  is  required  only  when 
battery  package  exchange  is  required.  Figure  C.1.1.2  illus- 
trates the  front  panel  layout  of  the  MA-46  family  of  PCT. 


When  used  at  a fixed  site,  the  PCT  can  be  connected 
to  an  elevated  antenna;  it  can  also  be  used  to  drive  an  RF 
power  amplifier  both  of  which  will  help  obtain  increased 
range . 
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C-2 


The  MA-46-3  model  can  be  switched  to  transmit  di- 
rectly to  sensors,  or  to  command  relays. 

The  MA-46-4  model  has  all  the  features  of  the 
MA-46-3;  in  addition  to  providing  operating  compatability 
with  the  COD. 

C.1.1.3  Interface  Design.  The  PCT  is  designed  to  command 
Phase  III  sensors  with  any  of  the  command  addresses.  Sandia's 
ACOUSID  III  (reference  Figure  C.1.1.3)  is  representative  of 
a commandable  tactical  sensor  for  use  v\fith  the  PCT.  Sixteen 
command  formats  are  possible;  9 of  which  are  assigned.  The 
ACOUSID  III  uses  the  first  seven. 

TABLE  C. 1.1.1.  COMMAND  MESSAGES 

Command  Message 

01  = Send  Audio 

02  = Check  Mode  and/or  sensitivity 

03  = Go  to  Non-real  Time  (NRT) 

04  = Go  to  Real  Time  (RT) 

05  = Read  Out  Stored  Events 

06  = Change  Sensitivity 

07  = Check  Sensitivity 

08  = Go  to  75  PPS 

09  = Go  to  300  PPS 


C.1.1.4  Command  Functions.  Figure  C.1.1.2  illustrates  the 
front  panel  layout  of  the  MA-46  Portable  Command  Transmitter 
(PCT).  Shown  left-center  are  two  individual  switches  as 
follows : 

• A single  digit  switch  labeled  GROUP 

• A two-digit  switch  labeled  CHANNEL 


TC4 34/516/560 
Transmitter 


TC432 
Code  Plug 


AOTENNA  ASSY. 


TC4 34/516/ 560 
Transmitter 


TC432 
Code  Plug 


TC460 

Multiplexer 
ANTENNA  AS^ 

TC4 34/516 
Transmitter 


TC433 

Receiver 


TC436 

Audio  Amplifier 


TC431 

Encoder 


TC431 

Encoder 


TC430 


Code  Plug 


TC521 

Environmental 

Signal 


TC472 

Environmental 

Signal 

Processor 


TC431 

Encoder 

TC466-Env. 
Sig.  Proc. 


TC447 

Battery 


TC447 

Battery 


TC438 

Battery 


MA33 

ADSID  III(N) 


MA37 

ADSID  111(5) 


MA31 

ACOUSID  III 


FIGURE  C.1.1.3.  Commandable  ACOUSID  III  (right),  and 
non-commandable  ADSID  III(N),  (left)  and  ADSID  ril(S), 
(center) . 
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These  two  switches  are  used  in  conjunction  with 
logical  functions  assigned  with  --  and  burned  into  --a 
sensor's  programmable  code  plug  (i.e.,  TC432,  etc.)*  They 
have  no  relationship  with  any  RF  channel*,  RF  channel  group, 
etc.  A more  proper  name  for  these  two  switches  would  be 
(data)  Channel  Call  Number  (CCN)  switches.  Certain  "call 
numbers"  have  been  set  aside  for  use  with  particular  com- 
mandable  Phase  III  devices  (i.e.,  COD).  Before  assigning  a 
CCN  into  the  programmable  code  plug,  it  must  first  be  ascer- 
tained that  the  CCN  is  not  reserved  for  special  use,  and 
also  that  IDs  are  available  for  use  on  the  sensor's  VHF 
(talk  in)  channel.  For  all  sensors  employing  programmable 
code  plugs  (whether  commandable  or  non-commandable  sensor) 
the  CCN  should  be  specified  even  though  the  plug  is  employed 
in  a non-commandable  sensor  (which  does  not  utilize  a CCN 
for  its  perofrmance)  for  the  following  reasons;  (a)  the 
programmer  is  never  in  doubt  as  to  whether  the  CCN  was  in- 
advertantly omitted,  and  (b)  it  removes  the  possibility 
that  failure  to  program  a CCN  \\rill  cause  an  unprogrammed 
parameter  to  overlead  the  sensor's  power  source. 

C. 1.1. 4.1  Channel  Call  Numbers  (CCN) . The  full  4 k/baud, 
5-ms,  20-bit  PCT  "message"  and  "message  enable"  arrangement 
is  described  in  Section  C. 1.2.1.  Figure  C.1.1.2  shows  the 
specific  arrangement  and  binary  values  of  the  CCN-portion 
of  the  PCT's  message.  This  is  entered  into  the  system  using 
the  GROUP  and  the  CHANNEL  switches  in  combinations  such  as 
A-BC,  X-YZ,  A-XY,  etc. 


*Even  the  PT-1561,  Programmer,  Code  Plug  errs  in  referring  to 
this  function  as  "RF  CHANNEL."  See  photograph,  Fig.  C.1.1.2. 
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C.1.2 


CODE  PLUGS.  ENCODERS.  AND  DECODER  MODULES 


r ' 


This  section  briefly  outlines  the  arrangement 
between  the  "intelligent"  portion  of  typical  Phase  III 
SEAOPS  family  of  sensors.  Intelligence  was  contained  in  the 
following  common  module  elements: 

Code  Plug  (TC432) 

Encoder  (TC431) 

Decoder  (TC430) 

Other  elements  which  comprise  a sensor's  "stack" 
are  illustrated  in  Figure  C.1.1.3;  these  include  transmitters, 
receivers,  signal  processors,  etc. 


The  Phase  III  MINISID  is  a sensor  which  did  not  ] 

employ  the  TC  432  Code  Plug;  control  over  the  sensor's  sensi-  | 

tivity,  data  rate,  parity,  and  ID  are  contained  in  a pin- 
staple  strapping  arrangement  which  is  part  of  the  self-contained 
plug  which  constitutes  a portion  of  the  Sensor  Contained  Unique 
Electronics  (SCUE) . Apart  from  the  transmitter,  the  only  other 
common  module  employed  in  a MINISID  is  the  "Z  Plug"  i.e.,  the 
TC431  Encoder. 

C. 1.2.1  Commandable  Sensors.  Commandable  devices  such  as 
the  COMMIKE  and  ACOUSID  III  (and  certain  non-commandable  sen- 
sors) were  designed  for  use  with  the  common  module  Code  Plug 
TC432;  this  code  plug  is  used  in  conjunction  with  both  the 
encoder  and  decoder  in  commandable  sensors,  and  only  with  the 
encoder  in  non-commandable  devices.  When  properly  programmed, 
the  Code  Plug  acts  as  a read-only  memory  (ROM)  for  the  sensor. 

The  Code  Plug  control  8 individual  parameters  which  are 
"burned"  into  the  Code  Plug  using  the  Sandia  Code  Plug  Pro- 
grammer PT-1561,  These  eight  parameters  include:  | 


r 


1. 

Channel  Call  Number  (CCN) 

2. 

Sensor  ID 

3. 

Response  Data  Bit  Rate 

VIA  ANY  ONE  OF 

4. 

Long  or  Short  Message  Code 

SEVENTEEN  SETTINGS 

5. 

Message  Type 

OF  THE  PT-1561 

6. 

Initial  Operating  Mode 

"FUNCTION  SWITCH" 

7. 

Audio  Time 

8. 

Sensor  Gain  Setting 

C.l.2.2 


Decoder  TC-420.  This  is  a sealed  unit  which  re- 


ceives a command  message  from  an  interfacing  radio  receiver 
(within  the  sensor)  that  contains  an  address  and  a command. 
The  decoder  works  with  an  external  device  to  accomplish  a 
sensor  recognition  operation  on  address  bits  in  the  message. 
If  the  address  is  recognized  as  correct,  the  decoder  decodes 
the  command  bits,  furnishes  a command  pulse  to  an  appropriate 
"command"  line  and  sets  the  coding  on  other  lines  peculiar  to 
the  needs  of  the  decoded  command.  The  decoder  also  incor- 
porates memories  of  the  current  operating  mode,  a register 
to  count  incoming  pulses  on  a line  other  than  the  message 
input  line,  a selectable  interval  timer,  a fixed  interval 
timer  to  limit  decoder  "on"  time,  and  a bit  rate  memory. 


C. 1.2. 2.1  Decoder  Functional  Components.  Typically,  the 
decoder  incorporated  the  following  functional  components: 


a.  A shift  register  to  receive  the  input  message. 

b.  A fixed  interval  shutdown  timer. 

c.  A binary  counter,  triggered  by  external  pulses, 


from  sources  other  than  those  from  the  receiver. 

d.  A message  parity  error  detection  circuit. 


u 

I 

1 

1 


e.  An  initial  operating  mode  selection  circuit. 

£.  Message  bit  error  shut-down  circuitry. 

g.  Internal  memory  for  (1)  "operating  mode,"  (2) 
"bit  rate,"  and  (3)  "audio." 

h.  An  internal  timer  for  externally  programmable 
time  intervals  (i.e.,  1.25,  5,  10-  or  20-second  "time  on" 
intervals . 

i.  16  command  decoding  elements.* 

C. 1.2. 2. 2 Decoder  Functions.  The  decoder  is  activated  (i.e. 
full  power  applied  to  the  sensor's  digital  sections)  by  a 
specific  output  signal  from  ,the  sensor's  internal  receiver. 
This  activation  is:  (1)  30  milliseconds  of  no  signal, 

(2)  8-milliseconds  of  10  KHz  sinusoidal  modulation  in  the 
voltage  range  of  2 to  4.5  volts;  (3)  a 2-millisecond  pause, 
and  (4)  a 20-bit  digital  message  originated  by  the  PCT. 

C. 1.2. 2. 3 Analog  Command  Times.  As  mentioned  previously  the 
acoustic  event  turn-on  time  interval  was  adjustable  within 
the  code  plug  during  "burn  in."  The  decoder  includes  an 
analog  transmission  and  power  control  timer,  capable  of 
being  programmed  by  external  voltage  inputs  to  two  connector 
pins;  this  timer  maintains  voltage  on  an  output  line  for  1.25, 
5,  10  or  20  seconds  as  determined  by  voltage  coding.  Figure 
C.1,1.4  illustrates  the  total  sequence  of  events  over  the 
45-millisecond  message  sequence. 


PREAMBLE  ENABLE 


1 2 3 • ^ •*•••< 

message 


FIGURE  C.1.1.4.  Input  to  decoder,  output 
from  portable  command  transmitter  (PCT) . 


C.1.3 


MULTIPURPOSE  FUNCTIONS 


The  following  section  provides  a brief  overview  of 
the  various  sensor  functions  under  control  of  Code  Plug  TC452 
and  used  in  conjunction  with  the  Portable  Command  Transmitter 
(PCT) . 

C. 1.3.1  Code  Plug  Program  Selections.  There  are  eight  code 
plug  programmable  parameters.  Four  are  independently  controlled 
and  four  are  collectively  controlled  under  a valid  setting  of 
the  PT-1561's  FUNCTION  switch.  The  individually  programmed 
items  consist  of:  (1)  CCN  (which  in  turn  is  comprised  of  GROUP 
and  CHANNEL  numbers);  (2)  Sensor  ID,  (3)  sensor's  audio  res- 
ponse time,  and  (4)  sensor's  gain  setting.  The  multipurpose 
elements  (under  control  of  the  function  switch)  permit  the 
following  additional  features  to  be  selected:  (1)  Response  data 
bit  rate  (75,  or  300  bps),  (2)  long  (24  bit)  or  short  (18  bit) 
message,  (3)  Message  Type  (I,  IIA,  IIB,  III),  and  (4)  initial 
operating  mode  (RT  or  NRT) . 
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C.l.3.2  Message  Types.  Four  different  message  types  are 
available  and  can  be  specified;  these  are  briefly  outlined 
below. 

C. 1.3. 2.1  Type  I Message.  A type  I message  is  formed  by  the 
combination  of  the  preamble  (8  bits) , "frame  marker"  (1  bit) ; 
message  type  (2  bits)  ; sensor  ID  (6  bits)  and  parity  (1  bit) . 

This  message  type  is  referred  to  also  as  the  "short"  or  18-bit 

detection  message.  The  data  rate  could  be  either  75  or  300 
baud. 

C.l.3.2. 2 Type  IIA  Message.  A Type  IIA  message  is  for- 
matted from  the  "short"  or  18-bit  message  with  six  bits  of 
digital  data  added.  The  IIA  message  (at  either  75-  or  300- 
bps)  is  in  response  to  PCT  Command  #5  (READ  OUT)  whether  the 
sensor  was  in  a real  time  (RT)  or  non-real  time(KRT)  operating 
mode.  Up  to  63  accumulated  events  (binary  0 0 0 0 0 1 to 

binary  1 1 1 1 1 1)  in  sensor  bit  positions  19  - 24. 

C.l.3.2. 3 Type  I IB  Message.  A Type  IIB  message  is  also 
appended  to  the  18-bit  or  "short"  (Type  I)  message  to  form 
a 24-bit  message;  the  data  contained  indicates  the  current 
sensor  operating  mode  (bits  19  and  20),  and  gain  setting 
(bits  21-24).  In  the  RT  mode,  IIB  messages  responded  to  02, 

03,  04,  and  06  commands.  In  a NRT  mode,  a IIB  message  response 
was  associated  with  command  01  (SEND  AUDIO) . 

C.l.3.2. 4 Type  III  Message.  A Type  III  message  is  formed 
by  the  addition  of  a pre-programmed  audio  burst  following  the 
Type  I (18-bit)  message.  Both  ACOUSID  III  and  CONDIIKE  out- 
putted this  type  of  message.  The  Type  III  message  is  only  in 
response  to  a RT  mode,  01  (SEND  AUDIO)  Command. 


J 
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APPENDIX  D 


SENSOR  AND  REPEATER  MODIFICATION 


ALTERNATIVE  METHODOLOGY  FOR  SENSOR  MODIFICATIONS 


COMMANDABLE  SENSORS  HARDWARE  MODIFICATIONS 


Three  methodologies  for  the  reconfiguration  of  a 
typical  hand  emplaced  sensor  into  a commandable  device  are 
illustrated.  The  alternatives  illustrated  trade  off  the 
following;  (1)  maximum  use  of  existing  sensor  electronics  and 
components,  (2)  maximum  frequency  agility,  (c)  power  budget, 
and  (d)  cost  considerations. 

D. 1.2.1  Alternative  1.  Of  the  three  alternatives,  the 
first  (Figure  2.1.1)  makes  maximum  use  of  sensor  on-board  elec 
tronics.  The  sensor  is  in  a continuous  receive  mode,  except 
when  the  encoder  temporarily  seizes  control  of  the  unit.  The 
sensor  can  be  arranged  to  operate  in  a simplex  (F^  RX/Fj  TX) 
mode,  or  in  a half  duplex  (HDX)  (F^  mode. 


BATT 


ENCODE 


TCVCXO 


PROG 

SYNTH 


BATT 


DECODE 


FIGURE  D.1.1.  Alternative  1,  employing  common  TCVCXO  and 
Programmer/Synthesizer.  Two  frequency,  half  duplex (HDX)operation 
is  shown. 


The  common  driver  arrangement  requires  the  addition 
of  new  components  and  the  modification  of  existing  on-board 
electronics  as  shown. 


MODIFICATION 

1.  Add  diode  switch  between  antenna 
and  RF  modules 

2.  Add  receiver  (simplex) 

3.  Add  receiver  (HDX) 


4. 

Add  decoder 

4. 

5. 

Modify  encoder  to  accept  and 

5. 

respond  to  commands 

6. 

Modify  or  add  additional 

6. 

battery 

IMPACT 

Required  on  all 
designs . 

Required  on  all 
designs . 

Requires  additional 
frequency  select  switch- 
es, and  modification  to 
encoder  for  ^1/^2 
Required  on  all 
designs . 

Required  on  all 
designs 

Continuous  running  of 
TCVCXO  and  Programmer/ 
Synthesizer  will  impose 
additional  current 
drain. 


D.1.2.2  Alternative  2.  The  second  of  the  three  alternatives 
provides  for  a limited  number  of  crystal  controlled  receive 
channels,  and  a full  compliment  of  synthesizer  controlled  trans- 
mit channels  (Figure  D.1.2).  Fixed  frequency  receive  opera- 
tion was  characteristic  of  SEAOPSS;  although  three  crystals  are 
shown  up  to  10  crystals  and  selector  switch  can  be  accomodated 
in  today's  hand-held  industrial  two-way  radio  systems.  Typi- 
cal cost  of  REMBASS  crystals  is  $15  - $18  each.  The  major  ad- 
vantage to  crystal  control  operation  is  the  very  low  power 
drain  associated  with  this  concept.  Proposed  duty  cycles, 
and  the  use  of  improved  front  end  detection  logic  in  the 
DT-563  could  permit  operation  without  the  addition  of  extra 
batteries.  This  concept  also  maximizes  sensor  on-board  elec- 
tronics. The  sensor  is  in  a continuous  receive  mode  except 
when  the  encoder  (temporarily)  seizes  control  of  the  device, 
and  furnishes  bias  voltage  to  the  diode  switch.  Operation  is 
frequency  independent,  i.e.,  it  could  be  either  simplex  or 
half  duplex,  however,  due  to  the  limited  number  of  receive 
channels,  the  latter  arrangement  (Fj^/F^)  would  probably  be 
preferable.  The  crystal  control  receiver  arrangement  requires 
the  addition  of  new  components  and  the  modification  of  existing 
on-board  electronics  as  follows: 


MODIFICATION 


IMPACT 


1 . Add  diode  switch  between  antenna 

2.  Add  (crystal  controlled)  receiver 

3.  Add  Decoder  module 

4.  Modify  Encoder  to  accept  and 
respond  to  commands 

5.  Battery 


1.  Required  on  all  designs. 

2.  Receiver  required  on 
all  designs. 

3.  Required  on  all  designs. 

4.  Required  on  all  designs. 

5.  With (proposed)  1 -minute 
delay  between  15"  audio 
bursts,  and  use  of  VFP  to 
reduce  unwanted  activations 
of  the  DT-563,  the  unit 
could  possibly  function 
over  most  climatic  zones 
with  no  additional  battery 
due  to  the  low  current 
drain  imposed  by  crystal 
receiver. 


D.1.2.3  Alternative  3.  This  configuration  employs  inde- 
pendent TCVCXO  and  Programmer/Synthesizer  to  operate  the 
command  link  receiver.  Little,  if  any,  improvement  in  fre- 
quency agility  over  Alternative  1 is  provided  (Figure  D.1.3). 
Costs  associated  with  this  arrangement  are  the  highest;  the 
TCVCXO  is  currently  estimated  at  $350.00  plus  an  additional 
$18  for  the  crystal.  Modifications  required  are  essentially 
the  same  as  for  other  alternatives.  Additional  battery  will 
be  required  to  maintain  the  synthesizer  driven  command  re- 
ceiver over  a virtaul  100%  duty  cycle. 


D.2.1 


REPEATER  MODIFICATION 


The  repeater  modification  depicted  in  Figure  D.2.1 
shows  a method  that  may  be  used  in  Alternative  5 of  TOD/TOA 
analysis . 


UI  3sm  PUBUIUIOD — ~~~Ss\U  pUBVUUtOO 


<3  command  lines (digital) 

„ 'analog  lines 

FIGURE  D.2.1  - Repeater  Modification  ^ sensor  digital  lines 

header  F1/F2  line 
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DEPARTMENT  OF  THE  ARMY  i 

PROJECT  MANAGER.  REMOTELY  MONITORED  BATTLEFIELD  SENSOR  SYSTEM. D/lRCOH  | 
FORT  MON.MOUTH.  NEW  JERSEY  07703  ' 


DRCPM-RBS-T  1 November  1977 


1-IEJ'IORANDm-I  FOR:  RSCORD 

SUBJECT:  Timing  Aspects  of  Analog  Sensor  DT-563 


1.  Meeting  was  held  on  28  October  1977  to  address  the  timing  aspects  of 
analog  transmissions  from  a system  standpoint. 

2.  Attendance  list  of  personnel  attendir.g  is  provided  in  inclosure  1. 

3-  Review  of  DT-563  Specification:  Discussion  addressed  aspects  related 
to  the  specified  method  of  triggering,  analog  transmission  time,  seismic 
gain  control,  and  automatic  gain  control. 

I4.  RCA's  current  approach:  Reported  that  RCA  is  considering  (a)  the  use 
of  the  same  logic  that  is  used  to  turn  on  the  AAU,  and  (b)  a method  of 
turn-on  as  a function  of  target  speed.  RCA  had  indicated  that  they  have 
the  AAU  documentation  including  logic  design.  RCA  offered  to  provide 
information  about  turn  on  as  a function  of  target  speed  in  the  near  future. 
Bijring  the  discussion  Phil  Hartmann  suggested  that  the  VFP  logic  be  used 
instead  of  the  KIKISID  logic  because  VF?  logic  has  proved  superior. 

Mr.  Hartmann  vrill  check  on  the  availability  of  VFP  logic  documentation 
including  models  which  may  be  released  to  RCA.  This  design  would  be  pro- 
vided for  RCA’s  consideration,  not  imposed  on  RCA.  However,  it  was  con- 
cluded that  RCA  should  be  instructed  that  the  development  of  a nev;  design 
is  unacceptable. 

5.  Timing  Aspects: 

a.  The  following  definitions  were  agreed  upon: 

Turn-on  Time.  The  time  betvieen  the  initial  seismic  detection  of 
the  analog  sensor  and  initiation  of  the  analog  transmission. 

Tra-nsmission  Time.  The  time  duration  of  the  analog  transmission. 


Delay  Time.  The  minimum  time  between  the  completion  of  an  analog 
transmission  and  the  initiation  of  the  following  analog  transmission. 


DRGPM-RBS-T 

SUBJECT:  Timing  Aspects  of  Analog  Sensor  DT-563 


1 November  1977 


b.  The  discussion  addressed  the  follo^Ting  factors: 

Target  Speed.  Considered  vehicle  speeds  of  S to  60  rules  per  hour 
and  walking  personnel. 

Target  Rate.  Estimated  2 sec  to  6 sec  per  target  (personnel  and 
vehicle)  for  a target  column. 

Convoy  Size.  Considered  a convoy  to  consist  of  at  least  six  vehi- 
cles and  a large  convoy  to  consist  of  approximately  100  vehicles. 


apart. 


Sensor  Spacing.  Considered  sensors  eo^laced  a minimum  o£  200  meters 


Analog  Need.  Considered  analog  sensors  would  be  used  only  in  a con- 
firming rolej  never  used  alone. 


Operator  Alert 
sensor  string  data. 


Considered  operator  pre -alert  for  audio  by  means  of 


c.  Tum-on  Time:  Turn-on  time  Tias  deemed  more  important  to  the  single 
target  than  a convoy.  A 20  second  turn-on  time  is  estimated  to  provide 

(l)  audio  when  the  most  favorable  signal  to  noise  ratio  exists  and  (2)  an 
operator  with  approximately  10  seconds  pre -alert.  This  pre-alert  is  pro- 
vided by  reports  fipm  companion  sensor (s)  in  the  deployed  string.  This 
approach  is  considered  adequate  for  operator  needs  and  precludes  the  need 
for  the  analog  sensor  to  transmit  a detection  message  for  the  purpose  of 
alerting  the  operator  that  audio  is  coming.  The  SHS  :-rill  provide  a unique 
tons  to  identify  when  audio  is  starting. 

d.  Transmission  Time:  While  there  are  reasons  to  both  increase  and 
decrease  the  specified  1^  sec  of  audio , it  was  concluded  that  sec  is 
appropriate.  Flexibility  in  the  RCA  design  to  accommodate  a change  in 
transmission  time  needs  to  be  pursued  . For  the  purpose  of  operator  con- 
formation of  the  presents  of  a convoy  by  means  of  audio,  it  was  concluded 
that  a proposed  short  transmission  time  (6  sec)  would  not  be  adequate  and 
that  15  sec  was  deemed  suitable  for  this  purpose. 

e.  Delay  Tims:  A wide  range  of  delay  times  from  5 sec  to  2 min  pro- 
posed by  Cas  Woodbridge  was  discussed.  The  principle  factors  that  led  to 
the  selection  of  a 1 min  delay  time  were  the  following: 

(1)  Sensor  battery  life  is  highly  dependent  on  the  number  of  analog 
tr ansmis  s ions . 

(2)  RF  transmission  occupancy  time  must  bo  minimised. 

(3)  Operator  needs  for  audio  are  limited  (based  on  confirming  role) 
irhich  is  easily  satisfied  with  the  1 nin  dolry  tdmo. 
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' DRGPit-RBS-T 

SUBJECT:  Timing  Aspects  of  Analog  Sensor  Dr-563 

Both  individual  targets  and  convoys  were  considered  in  the  discussion.  It 
vras  concluded  that  for  a large  convoy  approximately  3 to  10  analog  transmissions 
would  occur  (using  a 1 minute  delay  time)  during  the  convoy  passage. 

6.  Hecommendation:  That  RCA  be  provided  the  follov/ing  guidance: 

a.  Development  of  a new  detection  logic  for  the  analog  sensor  is  unaccept- 
able. 

b . Turn-on  time  shall  be  20  ^ 1 seconds . 

c . Transmission  time  shall  be  l5  + 1 seconds  as  specified. 

d.  Delay  time  shall  be  1 ^ *25  minutes, 

1 Ihcl  ErarARD  J.  YJJSm  j 

as  Acting  Chief 

Technical  Management  Division 
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